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ABSTRACT
Various kinds of educational robotics are available for use in 
education, but their mere availability in the classroom is not 
reason enough to use them as a learning tool. The suitability of 
educational robotics as a learning tool depends on how they Þt 
into the children’s worlds, teachers’ conceptions regarding 
learning and teaching and the educational setting as a whole. This 
study focused on the children’s actions with educational robotics 
and investigated the types of encounters between educational 
robotics and children. The study further investigated the type of 
properties of educational robotics which contributed to children’s 
action with it. 
The study interpreted educational robotics through the 
technological properties of robotics using a metaphor drawn from 
the concepts of theoretical linguistics. Educational robotics 
included the properties of 1)   phonology that represented the 
appearance and “look” of the robot, 2)   morphology that 
represented the structure and hardware as the body of the robot, 
3)  syntax that represented the functionality and software as the 
behavior of the robot and 4) semantics as the meaning and mind 
of the robot. The properties were linked to four temporal stages of 
work namely orientation, structure manipulation, function 
manipulation and playful action with the robot.
The conducting of this research was a long-term process which 
took place in real life environments. The data collection, which 
took place in different research environments, took place from 
2006 to 2008, and the phased analysis process by the GT method 
occurred between 2007 and 2011. This included 34 hours of video 
data and the categorizing of 1   769 video clips. However, 
constructing the substantive theory regarding the encounters 
between educational robotics and children was not an intensive 
process all the time as it included gaps (of sometimes months) 
during which ideas were developed beyond my other research 
and project activities.
Analysis of the encounters was based on video data and a 
Grounded Theory (GT) methodology that examined the topic 
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and project activities.
Analysis of the encounters was based on video data and a 
Grounded Theory (GT) methodology that examined the topic 
through the use of three different kinds of educational robotics, 
with three different groups of children in three different 
educational environments. The robotics kit, LEGO Mindstorms 
NXT, was used by a group of Þfth and sixth grade children in 
elementary special education. The construction kit, Topobo, was 
used by a group of children aged between four and Þve in 
kindergarten. The social robot, RUBI, was used by one- and two-
year-old children in early childhood education.
Children’s action with educational robotics and the responses 
of educational robotics to the children’s actions showed that the 
encounters between educational robotics and children were two-
dimensional. Encounters comprised of elements that related to 
the promoting and preventing properties of educational robotics, 
children’s action as recipients and producers, and time. Regarding 
the temporal dimension, encounters occurred during orientation, 
structure manipulation, function manipulation and playful action 
which all included elements of educational robotics that either 
promoted or prevented children’s action, and the role of children 
as a recipient or a producer of educational robotics. Based on 
these dimensions encounters emerged as: wild, tame, slave and 
unapproachable which I metaphorically refer to as seasons.
None of the seasons presented as a stable position but they 
changed during the childrenÕs working. They thus speciÞcally 
relate to the processes and the properties of educational robotics. 
An explanatory factor for the movement between seasons was the 
constant interaction between access and ownership. Access 
represented the technological and ownership the experimental 
features that emerged through children’s action with educational 
robotics. Access and ownership appeared on the dimensions of 
achieved - lost and limited - prospective. The constant interaction 
between access and ownership determined the course of 
children’s action with educational robotics.
Typically substantive theories can be used for either deÞning 
or constructing something. The unique feature of this substantive 
theory on the encounters between educational robotics and 
children is that it can be used for both deÞning and constructing 
educational robotics and children’s action with it. The substantive 
theory can be used for proÞling educational robotics and in the 
development and evaluation of educational robotics as tools for 
education. If children are, for instance, expected to get through 
exercises, then only a limited number of technical properties that 
direct their action are available to them. If educational technology 
is expected to guide childrenÕs action, then technologies with 
unexpected functions, which emerge during the work with 
technology, should be selected. 
The study conceptualized childrenÕs action with educational 
robotics and deÞned the core of it via technological access that 
related to accessibility, and experienced ownership which, in turn, 
emerged via childrenÕs actions and related back to their 
commitment to work with educational robotics. Applicability of 
the substantive theory in the terms of access and ownership could 
be tested and further developed with other learning artifacts in 
future studies.
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Library of Congress Subject Headings: Education; Educational 
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Yleinen suomalainen asiasanasto: opetus; opetusteknologia; robotiikka; 
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1. Introduction
Encounters that relate to the interaction and relationship between 
educational robotics and children play a crucial role in the 
successful use of educational robotics as a learning tool for 
education. This study reveals what these encounters are all 
about in different kinds of learning environments and it further 
develops a substantive theory regarding encounters in the 
dimensions of technological access and individually 
experienced ownership. As these encounters are in essence rich, 
I use the metaphor of seasons to illustrate their changing nature 
as illustrated in the title of the thesis.
Educational robotics refers to any robot technology that fulÞlls 
the technical requirements of robotics and which is applied to 
education in order to learn with, from and about it. Encounters 
include several aspects, such as technological and pedagogical 
design of the learning environment and children’s individual 
interests. These are all relevant elements to the success of 
robotics for education. 
The success of educational robotics depends on elements that, 
on the one hand, promote children’s engagement and, on the 
other hand, pushes toward indifference with it. Since children 
are the end users of educational robotics and their action with it 
indicates whether educational robotics can be used successfully 
as a learning tool, an understanding of these encounters is 
essential. In order to reveal the potential and overcome the 
barriers of educational robotics for education, a more detailed 
understanding regarding educational robotics in learning 
contexts is needed. 
This study generates a substantive theory on the encounters 
between educational robotics and children by investigating how 
children use educational robotics in different educational 
contexts and how educational robotics itself impacts on 
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children’s use of it. The viewpoint which governs the study is 
not typical held in the Þeld of educational technology, but it 
opens up a completely new perspective to investigating the 
relationship between educational robotics and childrenÕs actions 
in actual learning environments, which has not been studied 
widely before. 
The theory is grounded on the rich and extensive video data 
of children’s interaction with three different types of educational 
robotics in three different educational environments. The video 
data was subjected to the systematic qualitative analysis of 
Grounded Theory (GT), which enables browsing of the 
phenomena from a non-established perspective whilst letting 
the incidents between educational robotics and children deÞne 
what the encounters are about without tying the phenomena to 
a predeÞned theoretical understanding (Glaser & Strauss, 1974). 
In addition, the substantive theory contributes to the use of 
educational robotics by providing new angles to take into 
account in the proÞling of educational robotics and the 
analyzing of the use of educational robotics. Not only theoretical 
Þndings but also methodological choices make a contribution 
towards the Þeld. This is because GT has not been applied 
widely to research, even though it could open up completely 
new perspectives to educational technology and educational 
robotics research.
This thesis reports on the Þndings as a monograph. The 
introductory chapter   1 sets the research in the domain of 
educational robotics and brießy presents the motivation for the 
study. Chapter 2 creates a context for the study by introducing 
and analyzing the different types of educational robotics in a 
relatively wide approach which is not typical in GT studies. This 
extensive background chapter, however, creates a context for the 
study that is relevant to the understanding of the research topic. 
Chapter 3 presents research questions and elaborates on the GT 
method which is used to generate the substantive theory. 
Chapter   4 introduces three different types of educational 
robotics and the research environments of the study. Research 
outcomes are presented as a descriptive story with seventy 
Marjo Virnes: Four Seasons of Educational Robotics
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examples of transcribed data in chapter 5 in order to open the 
context and the data of the study to readers and to highlight the 
children’s action with educational robotics. Chapter 6 turns the 
perspective back to educational robotics and leads to the further 
analysis, from the descriptive examples in chapter   4, to the 
presentation of the development of the substantive theory on 
encounters between educational robotics and children. The 
discussion chapter 7 on the substantive theory relates the theory 
to other research Þndings and discusses the study from the 
viewpoint of development and application of the theory. 
Chapter  8 concludes the study by presenting conclusions and 
suggestions for future work.
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2. Educational robotics
In this chapter I deÞne the concept of educational robotics and 
present the classiÞcation of educational robotics as a 
background to the study based on the exemplars of educational 
robotics, certain representative studies and literature pertaining 
to robotics. I provide examples of educational robotics, shortly 
discuss their roots and research Þndings in the Þeld and take 
their particular educational objectives into account. The 
classiÞcation of the properties of educational robotics serves as a 
basis to the technical examination of educational robotics 
throughout the study. 
2.1. DEFINITION
Educational robotics is a wide range of robot technologies that are 
used for teaching and learning in the context of education (e.g. 
Russell & Norvig, 2003, p.  1Ð29; Denis & Hubert, 2001; Sklar, 
Eguchi, & Johnson, 2003; Goldman, Azhar, & Sklar, 2007; Eguchi, 
2008; Miller, Nourbakhsh, & Siegward, 2008; Nourbakhsh, 
Hamner, Lauwers, Bernstein, & Disalvo, 2006). In addition, in 
this study I technically determined educational robotics by 
using the properties of robotics that I derived from hardware, 
software and an action environment of the robot (Russell & 
Norvig, 2003, p. 901Ð942).
In the technical deÞnition of educational robotics, hardware 
represents the robotÕs body. It refers to the physical form of the 
robot with actuators, effectors and sensors. Actuators are 
mechanisms through which motion is introduced, for example 
motors. Effectors are the means through which robots move, 
change the shape of their bodies and interact with the 
environment. A robotic arm that can grasp tools is an example of 
Educational robotics
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an effector. Sensors are means used for perceiving the 
environment for example recording distances to objects, 
recognizing movement and reacting to the touch. Software 
represents the mind of educational robotics and forms the basis 
for an automatically controlled robot. Software can be stored 
and executed in the robot or it can be located in a computer or 
other device that gives instructions to the hardware of the robot. 
An action environment of educational robotics refers to the 
environment where the robot performs tasks. The extent of the 
action environment is depended upon the type of the robot for 
instance a robot with a Þxed location or a moving mobile robot. 
While performing tasks in an environment, robots need 
actuators, effectors and sensors. In educational platforms, the 
users of educational robotics create the action environment with 
the robot, and can thus affect the robotÕs actions. To fulÞll the 
deÞnition and function of the robot, educational robotics must 
be:
• able to move some of its components by using actuators,
• able to act in its environment by using effectors, 
• able to recognize its environment by using sensory data, 
and
• automatically controlled.
Robots for education differ from that which is typically 
meant when referring to robotics, such as industrial robots 
which range from toy-like constructions to state-of-the-art 
robotics. The term robotics for education refers to robotics as an 
educational medium or method, whereas robotics in education 
would refer to robotics and engineering subjects in school and 
university studies. Different types of educational robotics have 
different technical, structural, and functional features, but they 
share at least one common goal that is education. As educational 
artifacts they have different built-in pedagogical solutions that 
direct learners to certain actions and which helps them to learn 
different subject matters. As a learning tool, educational robotics 
aims at providing novel and extended possibilities to learn with, 
from, and about educational robotics (e.g. Shin & Sangah Kim, 
2007).
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2.2. ROBOTICS KITS
Robotics kits are programmable construction kits for building 
and programming a robot artifact. They consist of building 
blocks for creating a robot construction and a programming 
environment for creating functions for the robot. The 
programming environment is typically a software with graphical 
user interface (GUI, e.g. Sharp, Rogers, & Preece, 2007), 
developed for that particular robotics kit. 
Robotics kits have been developed to enrich children’s 
education and to introduce them to science and technology. 
Sources of inspiration for the development of robotics kits, that 
imitate real robots, have been sought from industrial robotics 
and other advanced technologies. Robotics kits for building and 
programming of modiÞable robot artifacts by a learner are 
typical examples of educational robotics. They have received 
different variations as commercial educational products, like 
LEGO Mindstorms (Figure   1) by The LEGO Group (LEGO, 
2008), ELEKIT (Figure 2) by EK Japan Co. Ltd. (EK Japan, 2008), 
and VEX Robotics Design System (Figure 3) by Innovation First 
Inc. (Innovation First, 2008). 
The use of programmable robotics kits, especially as 
commercial products, has spread widely to the educational 
domain in developed countries: from kindergarten to high 
school (e.g. Demetriou, 2011; Bredenfeld, Hofman, & Steinbauer, 
2010; Miller et al., 2008). Children conduct technology projects 
with robotics kits in classrooms as a part of school curricula and 
in after school technology clubs. In addition, international 
robotics activities, such as the RoboCupJunior (RCJ) contest 
(RoboCup, 2003; Sklar et al., 2003; Johnson, 2003; Wyeth, Ventz, 
& Wyeth, 2004; Eguchi, 2008), FIRST LEGO league (FLL), and 
RoboFesta (e.g. Johnson 2003; Johnson, Hirst, & Garner, 2003), 
annually connect hundreds of children to play and compete 
with robotics. 
Research has focused especially on the variations of LEGO, 
for instance in the Þelds of engineering, education, and 
educational technology. Research and development of VEX has 
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2007).
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2.2. ROBOTICS KITS
Robotics kits are programmable construction kits for building 
and programming a robot artifact. They consist of building 
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programming environment is typically a software with graphical 
user interface (GUI, e.g. Sharp, Rogers, & Preece, 2007), 
developed for that particular robotics kit. 
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education and to introduce them to science and technology. 
Sources of inspiration for the development of robotics kits, that 
imitate real robots, have been sought from industrial robotics 
and other advanced technologies. Robotics kits for building and 
programming of modiÞable robot artifacts by a learner are 
typical examples of educational robotics. They have received 
different variations as commercial educational products, like 
LEGO Mindstorms (Figure   1) by The LEGO Group (LEGO, 
2008), ELEKIT (Figure 2) by EK Japan Co. Ltd. (EK Japan, 2008), 
and VEX Robotics Design System (Figure 3) by Innovation First 
Inc. (Innovation First, 2008). 
The use of programmable robotics kits, especially as 
commercial products, has spread widely to the educational 
domain in developed countries: from kindergarten to high 
school (e.g. Demetriou, 2011; Bredenfeld, Hofman, & Steinbauer, 
2010; Miller et al., 2008). Children conduct technology projects 
with robotics kits in classrooms as a part of school curricula and 
in after school technology clubs. In addition, international 
robotics activities, such as the RoboCupJunior (RCJ) contest 
(RoboCup, 2003; Sklar et al., 2003; Johnson, 2003; Wyeth, Ventz, 
& Wyeth, 2004; Eguchi, 2008), FIRST LEGO league (FLL), and 
RoboFesta (e.g. Johnson 2003; Johnson, Hirst, & Garner, 2003), 
annually connect hundreds of children to play and compete 
with robotics. 
Research has focused especially on the variations of LEGO, 
for instance in the Þelds of engineering, education, and 
educational technology. Research and development of VEX has 
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been conducted mainly by the Robotics Academy of Carnegie 
Mellon University, whereas for instance ELEKIT and other 
robotics kits are more commercially oriented regarding their 
research and development.
Figure 1. LEGO mindstorms: LEGO Mindstorms RIS mockup of the train and 
transportation1
Figure 2. ELEKIT: a base of the ELEKIT soccer robot2
Figure 3. VEX: robot construction3
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1  The mock up was created by an elementary school student during an 
educational technology research project at the University of Joensuu.
2 ELEKIT soccer robot was created by an elementary school student during an 
educational technology research project at the University of Joensuu.
3 VEX robot constructed during an educational technology research project at 
the University of Joensuu.
The early foundations of learning with technologies have 
remained a pedagogical background for modern robotics kits 
and have deÞned principles on how children use them and learn 
with them. For example, writings and work by Seymour Papert 
(e.g. Papert, 1980) have been widely quoted in research articles 
and deÞned as the philosophical roots for the use of robotics kits 
in education. I shortly present these roots in order aid the 
understanding of the pedagogical foundation of these 21st 
century learning tools. 
Traditional toys, which were the inspiration for modern 
programmable construction kits, such as robotics kits, played an 
important role in Pestalozzi’s, Fröbel’s, Montessori’s, and 
Dewey’s pedagogical foundations (Brosterman, 2002). 
Pedagogically, these toys were based on invention, play, 
discovery, and knowledge construction, which can be labeled as 
constructivism. Papert remodeled the traditions of constructivism 
and deÞned the philosophy of constructionism. Constructionism 
relates to constructivism and the building of knowledge 
structures, but it is also strongly rooted in learning through 
microworlds. 
Microworlds were Papert’s creature to renew education by 
creating ßoor and screen turtles (objects to think with), developing 
Logo programming language (control the objects), and allowing 
children to debug the programs (learning from mistakes). A 
ßoor turtle, which applied a physical aspect into microworlds, 
was a simple mechanical robot connected to the computer by a 
cord. Screen turtles were initially a representation of the ßoor 
turtle on the computer screen. They represented microworlds, 
where children observed turtles that left a trail when they 
moved, and in so doing taught geometry and mathematics to 
children. 
Papert and his colleagues regarded programming as the main 
way to use computers properly, which was in opposition to the 
prevailing computer-aided instruction at that time. By making 
programming accessible to children by the Logo programming 
language, researchers turned the power of computing over to 
children. Children used the Logo programming language 
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together with the turtles, and communicated with a turtle on a 
screen or on the ßoor by using Logo commands such as forward, 
back, left and right. After programming the procedure, they 
watched it translate as the turtleÕs movements (Rieber, 2004, p. 
583Ð603; Resnick, 1997; McNerney, 2004; Solomon, 1976). 
As a learning tool, the turtles used in conjunction with Logo 
created a new learning environment by bringing abstract 
computer programming into the physical world. Creative 
activity with the turtles and Logo aimed at being real, 
comfortable and personal for children. Thus, the role of children 
was not that of a mere user of technology but of a developer and 
utilizer, aspects which also emerged later in the context of 
research and design (e.g. Druin, 2002; Guha, Druin, & Fails, 
2008; Markopoulos, Read, Macfarlane, & Hšysniemi, 2008; 
Antle, 2007, 2013). 
Various construction kits followed the roots of turtles and 
microworlds, but they enabled children, even more than before, 
to control and manipulate robotics artifacts of the real world 
instead of manipulating microworlds. The next generation of 
programmable construction kits, like LEGO/Logo and 
Programmable bricks, included computation in the building 
blocks, which made the building of mechanical machines and 
presenting of behaviors possible to children (Resnick, 1993). 
LEGO/Logo combined the Logo programming language and 
traditional LEGO construction kit and allowed writing Logo 
programs on the personal computer to control devices built out 
of new types of LEGO building blocks. The main change was 
that LEGO/Logo allowed children to build their own machines 
and imaginary creations before programming them instead of 
using the ready-made mechanical objects, like the turtles. It was 
suggested that by giving children the possibilities to create their 
own artifacts, the children were allowed to adopt new roles 
towards technology. These construction kits made it possible for 
children to play the roles of computer scientist and engineer, 
when developing the new machines (Resnick, 1993; McNerney, 
2004). 
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Programmable bricks, like the Crickets and variations of 
LEGO, (Resnick, Berg, & Eisenberg, 2000; Resnick, 1993; Resnick, 
Martin, Sergeant, & Silverman, 1996) were portable computers 
which were embedded inside a pocket-sized LEGO brick with a 
wide variety of input-output possibilities. Cricket technology 
(Resnick, 2007) is comparable to LEGO Mindstorms, but 
includes a wider range of materials (including arts-and-crafts 
materials, colored lights and a sound box) which provides more 
varied possibilities when used for diverse projects. Crickets and 
a new technology PicoCricket (Rusk, Resnick, Berg, & Pezalla-
Granlund, 2008) differ from traditional educational robotics by 
providing the possibility to create a crafts artifact and adding 
technology into it.
Programmable Brick was capable of interacting with the 
physical world in a large variety of ways, such as sensors and 
infrared communication. It also had a display and buttons 
which enabled one to select programs from the menu. 
Programmable Brick was designed to open up new possibilities 
and multiple design activities for children and to encourage 
them to see themselves as designers and inventors. Pilot studies 
addressed new experiences with programmable bricks 
regarding active environments and autonomous creatures, and 
new science experiments. It was suggested that programmable 
construction kits enabled children to perform new types of 
explorations and experiments, which in turn engaged new types 
of thinking about computation, programming and control. 
LEGO Group commercialized programmable construction 
kits by launching Lego Mindstorms Robotic Intervention System 
(LEGO RIS) in 1998 and Lego Mindstorms NXT in 2006 
(Figure   4). With LEGO Mindstorms, children construct and 
program a robot artifact by using LEGO bricks, sensors and a 
programmable RCX/NXT unit that is comparable with the 
programmable brick. Using the graphical programming 
platforms of LEGO (NXT-G, LEGO Mindstorms RIS code, 
Robolab) or a programming language, such as Java, NQC, C++, 
the children program the robot artifact which has been designed 
by them or is a model from the LEGO instruction. 
Educational robotics
! Dissertations in Forestry and Natural Sciences No 169 ! 11
together with the turtles, and communicated with a turtle on a 
screen or on the ßoor by using Logo commands such as forward, 
back, left and right. After programming the procedure, they 
watched it translate as the turtleÕs movements (Rieber, 2004, p. 
583Ð603; Resnick, 1997; McNerney, 2004; Solomon, 1976). 
As a learning tool, the turtles used in conjunction with Logo 
created a new learning environment by bringing abstract 
computer programming into the physical world. Creative 
activity with the turtles and Logo aimed at being real, 
comfortable and personal for children. Thus, the role of children 
was not that of a mere user of technology but of a developer and 
utilizer, aspects which also emerged later in the context of 
research and design (e.g. Druin, 2002; Guha, Druin, & Fails, 
2008; Markopoulos, Read, Macfarlane, & Hšysniemi, 2008; 
Antle, 2007, 2013). 
Various construction kits followed the roots of turtles and 
microworlds, but they enabled children, even more than before, 
to control and manipulate robotics artifacts of the real world 
instead of manipulating microworlds. The next generation of 
programmable construction kits, like LEGO/Logo and 
Programmable bricks, included computation in the building 
blocks, which made the building of mechanical machines and 
presenting of behaviors possible to children (Resnick, 1993). 
LEGO/Logo combined the Logo programming language and 
traditional LEGO construction kit and allowed writing Logo 
programs on the personal computer to control devices built out 
of new types of LEGO building blocks. The main change was 
that LEGO/Logo allowed children to build their own machines 
and imaginary creations before programming them instead of 
using the ready-made mechanical objects, like the turtles. It was 
suggested that by giving children the possibilities to create their 
own artifacts, the children were allowed to adopt new roles 
towards technology. These construction kits made it possible for 
children to play the roles of computer scientist and engineer, 
when developing the new machines (Resnick, 1993; McNerney, 
2004). 
Marjo Virnes: Four Seasons of Educational Robotics
! 10! Dissertations in Forestry and Natural Sciences No 169
Programmable bricks, like the Crickets and variations of 
LEGO, (Resnick, Berg, & Eisenberg, 2000; Resnick, 1993; Resnick, 
Martin, Sergeant, & Silverman, 1996) were portable computers 
which were embedded inside a pocket-sized LEGO brick with a 
wide variety of input-output possibilities. Cricket technology 
(Resnick, 2007) is comparable to LEGO Mindstorms, but 
includes a wider range of materials (including arts-and-crafts 
materials, colored lights and a sound box) which provides more 
varied possibilities when used for diverse projects. Crickets and 
a new technology PicoCricket (Rusk, Resnick, Berg, & Pezalla-
Granlund, 2008) differ from traditional educational robotics by 
providing the possibility to create a crafts artifact and adding 
technology into it.
Programmable Brick was capable of interacting with the 
physical world in a large variety of ways, such as sensors and 
infrared communication. It also had a display and buttons 
which enabled one to select programs from the menu. 
Programmable Brick was designed to open up new possibilities 
and multiple design activities for children and to encourage 
them to see themselves as designers and inventors. Pilot studies 
addressed new experiences with programmable bricks 
regarding active environments and autonomous creatures, and 
new science experiments. It was suggested that programmable 
construction kits enabled children to perform new types of 
explorations and experiments, which in turn engaged new types 
of thinking about computation, programming and control. 
LEGO Group commercialized programmable construction 
kits by launching Lego Mindstorms Robotic Intervention System 
(LEGO RIS) in 1998 and Lego Mindstorms NXT in 2006 
(Figure   4). With LEGO Mindstorms, children construct and 
program a robot artifact by using LEGO bricks, sensors and a 
programmable RCX/NXT unit that is comparable with the 
programmable brick. Using the graphical programming 
platforms of LEGO (NXT-G, LEGO Mindstorms RIS code, 
Robolab) or a programming language, such as Java, NQC, C++, 
the children program the robot artifact which has been designed 
by them or is a model from the LEGO instruction. 
Educational robotics
! Dissertations in Forestry and Natural Sciences No 169 ! 11
Figure 4. LEGO mindstorms NXT: robot construction
LEGO Mindstorms made programmable robotic construction 
kits widely available for education. Since then, LEGO 
Mindstorms has been applied as children’s robotic projects into 
varied educational domains worldwide and studied in multiple 
educational contexts (e.g. Bilotta, Gabriele, Servidio, & 
Tavernise, 2009). Methods of implementation have followed the 
philosophy of programmable construction kits. Implementation 
has therefore typically adopted the elements of constructivism 
or constructionism, problem-based learning and learning by 
doing. In practice, children have conducted their own 
technology projects based on open-ended or given tasks and on 
construction of the artifact and programming of it. The work 
process has followed the iterative stages of planning, 
constructing, programming, testing, reßecting and sharing 
(Resnick, 2007; Eronen, Sutinen, Vesisenaho, & Virnes, 2002b). 
A number of studies have reported upon the advantages of 
educational robotics for opening new possibilities to learning, 
but there are few studies that provide elaborated evidences for 
these Þndings (Benitti, 2012). Robotics kits have aimed at 
helping children acquire knowledge in various domains 
including for instance STEM (that is science, technology, 
engineering and mathematics) and programming (e.g. Kazakoff, 
Sullivan, & Bers, 2013). The use of programmable construction 
kits have also aimed at improving children’s abilities in problem 
solving and thinking skills, social skills and collaboration, and 
design and creativity. In addition to engineering-oriented topics, 
educational robotics has been applied to narratives and 
storytelling (Rusk et al., 2008)
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Subject related knowledge has been studied, for instance in 
technology workshops based on the constructivist approach to 
work and robotic projects that indicated that the learners 
engaged in the areas of engineering design, programming and 
mechanical building (Bers, 2007; Bers, Flannery, Kazakoff, & 
Sullivan, 2014). Hussain, Lindh and Shukur (2006) elaborated 
upon the learning of mathematics and found that 5th grade 
children, trained with LEGO Dacta, performed better in 
mathematics than the children in the control group. Pupils who 
were generally good at mathematics were also more engaged 
and successful when working with LEGO. 
Barak and Zadok (2009) investigated problem solving besides 
the learning of concepts in science and technology and they 
found evolving problem solving strategies in working with 
LEGO Mindstorms. Children’s inventive solutions evolved from 
trial and error in the Þrst project to considering different 
solutions after having had more experience and Þnally to 
advanced heuristic searches. Lindh and Holgerson (2007) 
introduced the issue of learning problem solving skills by 
investigating whether training with LEGO Dacta stimulated 
students’ ability to solve logical problems, which has generally 
been suggested as an advantage of educational robotics. They 
ascertained the positive effects of LEGO on average students, 
but no obvious over-all effect of the use of LEGO. Hussain et al., 
(2006) did not Þnd the positive effects of LEGO Dacta on the 
cognitive development of problem solving skills of 5th and 9th 
grade pupils, but indicated positive effects on categories of 
pupils, such as mathematically skilled pupils.
The effect of group dynamics emerged in learning 
environments that implemented collaborative and problem-
based learning projects with educational robotics (Denis & 
Hubert, 2001; Ruiz-del-Solar & Aviles, 2004). Denis and Hubert 
found that interactions varied inside a group of children and 
also from one group to another. In addition leadership had an 
impact on collaboration. The results conÞrmed that educational 
robotics could be regarded as a learning environment which 
offered opportunities to collaborate. With educational robotics 
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collaborative projects possibilities were opened up to the 
developing and building of strategic competencies (such as 
explanation skills, problem solving and collaboration) even in 
those programming projects given by a teacher (Norton, 
McRobbie & Ginns, 2007). Ruiz-del-Solar and Aviles noted 
meaningful behavior, as exhibited by children, when they met 
previously unknown peers in the workshop for the Þrst time 
and then formed a working team.
Construction kits have also been used to improve social 
interaction and communication with disabled children (LeGoff 
2004; LeGoff & Sherman, 2006; Miller, Church, & Trexler, 2000; 
Owens, Granader, Humphrey, & Baron-Cohen, 2008). Even 
though the use of educational robotics has not been common 
with this group of users, the use of construction kits has given a 
reference to their broad educational possibilities. It is worth 
noting that, in the case of these children, increasing knowledge 
is maybe not the main issue but helping them acquire skills to 
facilitate learning may be of paramount importance.
In lieu of proving extensive and veriÞed learning outcomes 
about subject related knowledge, research on robotics kits has 
highlighted factors that support many other domains of 
learning. Beside the academic learning outcomes, the number of 
studies has described the stimulating and motivational elements 
of educational robotics (e.g. Resnick et al., 2000; Petre & Price, 
2004; Ruiz-del-Solar & Aviles, 2004). In opposition to these 
positive outcomes, Hussain et al. (2006) questioned the general 
positive attitude towards LEGO Dacta4 in their quantitative and 
qualitative study. Other reported domains of learning have 
unlocked new possibilities to individual learning paths (e.g. 
Hussain et al., 2006) and overall the widened possibilities to 
learning (e.g. Resnick et al., 2000) have encouraged the use of 
imagination and innovativeness in design (Johnson, 2003) and 
have awakened feeling of conÞdence and competence regarding 
technology in general (Bers, 2007). This process has had a 
positive impact on the achievement of academic learning 
objectives. Self-motivation, for instance, was a key element to 
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4 LEGO Dacta is a construction kit without options for programming.
children’s success during educational robotics workshops 
whereas unmotivated children presented poorly in the extensive 
Chilean study (Ruiz-del-Solar & Aviles, 2004).
Robotics kits in isolation do not teach children in learning 
environments, but they also require instruction from adults (e.g. 
Slangen, van Keulen, & Gravemeijer, 2011). The early 
descriptions regarding the use of turtles in education in a 
constructivist manner (Solomon, 1976) already noted that the 
children needed teaching and adult supervision to guide the 
process if any progression in learning was to be affected. Logo 
and turtles did not deny adults’ teaching as it has been 
misleadingly interpreted later. The need for instruction by 
adults has been observed, especially in those studies that 
researched the learning of a subject related to knowledge (Barak 
& Zadok, 2009). The more activities with educational robotics 
were structured and focused on learning objectives, the more an 
instructor (or teacher) needed to control students’ learning 
(Eguchi, 2008) as a mediator of knowledge and problem solving 
skills (Hussain et al., 2006). Instructors’ contributions to 
facilitating collaboration between children were also observed 
(Denis & Hubert, 2001). 
Research has paid attention to the fact that teaching style 
matters when subject related knowledge is taught in an 
explorative learning environment with robotics kits. As a result, 
it has been suggested that instructions should not be provided 
in a traditional teaching style but should rather be 
communicated in a ßexible, easy-going manner in the overall 
context of the project (Barak & Zadok, 2009). When pedagogical 
foundations regarding teaching (teachers’ actions) and learning 
(students’ actions) overlapped, students seemingly engaged in 
inventive and explorative actions and were highly motivated to 
work with programmable construction kits. 
Research on robotics kits has indicated the effect of a school 
environment on the successful integration of the technology into 
education. Curricula that do not support working within 
multidisciplinary Þelds with multiple subject matters related to 
engineering, math and computer science (e.g. Resnick et al., 
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imagination and innovativeness in design (Johnson, 2003) and 
have awakened feeling of conÞdence and competence regarding 
technology in general (Bers, 2007). This process has had a 
positive impact on the achievement of academic learning 
objectives. Self-motivation, for instance, was a key element to 
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4 LEGO Dacta is a construction kit without options for programming.
children’s success during educational robotics workshops 
whereas unmotivated children presented poorly in the extensive 
Chilean study (Ruiz-del-Solar & Aviles, 2004).
Robotics kits in isolation do not teach children in learning 
environments, but they also require instruction from adults (e.g. 
Slangen, van Keulen, & Gravemeijer, 2011). The early 
descriptions regarding the use of turtles in education in a 
constructivist manner (Solomon, 1976) already noted that the 
children needed teaching and adult supervision to guide the 
process if any progression in learning was to be affected. Logo 
and turtles did not deny adults’ teaching as it has been 
misleadingly interpreted later. The need for instruction by 
adults has been observed, especially in those studies that 
researched the learning of a subject related to knowledge (Barak 
& Zadok, 2009). The more activities with educational robotics 
were structured and focused on learning objectives, the more an 
instructor (or teacher) needed to control students’ learning 
(Eguchi, 2008) as a mediator of knowledge and problem solving 
skills (Hussain et al., 2006). Instructors’ contributions to 
facilitating collaboration between children were also observed 
(Denis & Hubert, 2001). 
Research has paid attention to the fact that teaching style 
matters when subject related knowledge is taught in an 
explorative learning environment with robotics kits. As a result, 
it has been suggested that instructions should not be provided 
in a traditional teaching style but should rather be 
communicated in a ßexible, easy-going manner in the overall 
context of the project (Barak & Zadok, 2009). When pedagogical 
foundations regarding teaching (teachers’ actions) and learning 
(students’ actions) overlapped, students seemingly engaged in 
inventive and explorative actions and were highly motivated to 
work with programmable construction kits. 
Research on robotics kits has indicated the effect of a school 
environment on the successful integration of the technology into 
education. Curricula that do not support working within 
multidisciplinary Þelds with multiple subject matters related to 
engineering, math and computer science (e.g. Resnick et al., 
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2000; Resnick et al., 1996) and available resources (e.g. Johnson, 
2003) have made the application of robotics into the school 
context challenging. For instance, the programmable brick 
project required extended time because working with this tool 
did not Þt into a standard 50 minute lesson. A lack of knowledge 
and technical skills has resulted in schoolteachers feeling unsure 
as to how best Þt the tool into the existing curricula and 
traditional school settings. The latter issue is not however a new 
one but was already introduced in the 70’s (Solomon, 1976). 
However a fundamental question, as regards the use of robotics 
kits in education, has been what children learn with, from and 
about educational robotics and what is the additional value of 
educational robotics related to the other learning tools (Johnson, 
2003). 
The presented learning domains are often created by 
developers and users of educational robotics with the aim of 
improving education through the use of robotics kits. Such 
research has been claimed to be based upon narrow, anecdotal 
case studies and not presenting explicit learning outcomes 
which, for example teachers, may require before justifying the 
use of robotics in the classroom (Hussain et al., 2006; criticism 
reported also in Johnson, 2003; Rieber, 2004). On the other hand 
formal teaching traditions, with the target being the measurable 
learning outcomes of a particular school subject, are not 
essentially suited to a learning environment with programmable 
construction kits which emphasizes the inventive, playful and 
explorative learning processes of individuals (Solomon, 2008; 
Hermans, Tondeur, van Braak, & Valcke, 2008; Blackwell, 
Lauricella, Wartella, Robb, & Schomburg, 2013). It is noteworthy 
that many studies of this decade, which question the research 
outcomes of the suggested domains of learning, use the 
references of the 80’s to support their standpoints towards the 
study and research outcomes (e.g. Hussain et al., 2006). General 
criticism is thus based on criticism toward microworlds and the 
abundant promises made by technologies in education at that 
time, but which do not reßect the use of programmable 
construction kits in the context of modern learning and the 
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challenges faced by education today. Measured learning 
outcomes are one way in which to evaluate learning and the 
success of a learning tool in an educational context (Hew and 
Brush, 2007; Rocha Neves, Mota Alves, & Ramos, 2011). Within 
robotics kits it is however difÞcult to evaluate whether the 
students learned subject related knowledge from educational 
robotics or at school (Eguchi, 2008). Therefore the only indicator 
of the success of robotics kits is not the learning outcomes, but 
also the processes of learning and renewing thinking of teaching 
and learning for technology literacy and understanding 
(Slangen et al., 2011; Sullivan, 2008; CICERO Learning Network, 
2008; Cuban, 2001; Becker & Ravitz, 2001; Higgins & Moseley, 
2001) that can make the most signiÞcant difference.
2.3. CONSTRUCTION KITS
Construction kits are programmable building blocks that are used 
for creating robotic artifacts. Robotic is the feature which 
distinguishes construction kits from traditional, non-digital 
building blocks, such as wooden or plastic blocks without 
programmed functionalities. Functions of the construction kit 
artifact are typically programmed by using tangible user interfaces 
(TUI, e.g. Sharp et al., 2007). TUI allows the user to manipulate 
the physical artifact that presents the physical manipulation as a 
digital or physical response, such as sound or movement, in the 
artifact. The main difference between educational robotics with 
GUI and TUI relates to the means of controlling the robot 
artifact by programming. When robotics kits with graphical 
programming interfaces require a PC for creating functions for 
the robot artifacts, tangible construction kits are based on the 
physical manipulation of the robot itself, which does not require 
a computer.
The technological roots of construction kits can be seen in the 
development of tangible interactions between humans and 
computers in the 90’s. The core idea of tangibles was introduced 
as the concept of graspable user interfaces that refers to the direct 
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2003). 
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improving education through the use of robotics kits. Such 
research has been claimed to be based upon narrow, anecdotal 
case studies and not presenting explicit learning outcomes 
which, for example teachers, may require before justifying the 
use of robotics in the classroom (Hussain et al., 2006; criticism 
reported also in Johnson, 2003; Rieber, 2004). On the other hand 
formal teaching traditions, with the target being the measurable 
learning outcomes of a particular school subject, are not 
essentially suited to a learning environment with programmable 
construction kits which emphasizes the inventive, playful and 
explorative learning processes of individuals (Solomon, 2008; 
Hermans, Tondeur, van Braak, & Valcke, 2008; Blackwell, 
Lauricella, Wartella, Robb, & Schomburg, 2013). It is noteworthy 
that many studies of this decade, which question the research 
outcomes of the suggested domains of learning, use the 
references of the 80’s to support their standpoints towards the 
study and research outcomes (e.g. Hussain et al., 2006). General 
criticism is thus based on criticism toward microworlds and the 
abundant promises made by technologies in education at that 
time, but which do not reßect the use of programmable 
construction kits in the context of modern learning and the 
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challenges faced by education today. Measured learning 
outcomes are one way in which to evaluate learning and the 
success of a learning tool in an educational context (Hew and 
Brush, 2007; Rocha Neves, Mota Alves, & Ramos, 2011). Within 
robotics kits it is however difÞcult to evaluate whether the 
students learned subject related knowledge from educational 
robotics or at school (Eguchi, 2008). Therefore the only indicator 
of the success of robotics kits is not the learning outcomes, but 
also the processes of learning and renewing thinking of teaching 
and learning for technology literacy and understanding 
(Slangen et al., 2011; Sullivan, 2008; CICERO Learning Network, 
2008; Cuban, 2001; Becker & Ravitz, 2001; Higgins & Moseley, 
2001) that can make the most signiÞcant difference.
2.3. CONSTRUCTION KITS
Construction kits are programmable building blocks that are used 
for creating robotic artifacts. Robotic is the feature which 
distinguishes construction kits from traditional, non-digital 
building blocks, such as wooden or plastic blocks without 
programmed functionalities. Functions of the construction kit 
artifact are typically programmed by using tangible user interfaces 
(TUI, e.g. Sharp et al., 2007). TUI allows the user to manipulate 
the physical artifact that presents the physical manipulation as a 
digital or physical response, such as sound or movement, in the 
artifact. The main difference between educational robotics with 
GUI and TUI relates to the means of controlling the robot 
artifact by programming. When robotics kits with graphical 
programming interfaces require a PC for creating functions for 
the robot artifacts, tangible construction kits are based on the 
physical manipulation of the robot itself, which does not require 
a computer.
The technological roots of construction kits can be seen in the 
development of tangible interactions between humans and 
computers in the 90’s. The core idea of tangibles was introduced 
as the concept of graspable user interfaces that refers to the direct 
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control of electronic or virtual objects (e.g. ActiveDesk) through 
physical artifacts (e.g. Bricks) (Fitzmaurice, Ishii, & Buxton, 
1995). The idea of graspable user interfaces reÞned as tangible 
bits (Ishii & Ullmer, 1997) that were seamless interfaces between 
users and everyday objects, such as interactive surfaces called 
metaDESK, transBOARD and ambientROOM. These tangible 
surfaces made digital information concrete by allowing the users 
to grasp and manipulate objects in a physical environment, also 
cooperatively (Brave, Ishii, & Dahley, 1998). The studies in the 
framework of tangible technologies focused on interactive 
surfaces, but later the development of Curlybot involved the idea 
of tangible bits in education and robotics (Frei, Su, Mikhak, & 
Ishii, 2000). Curlybot does not literally belong to the category of 
construction kits because it is a ready-made robot artifact. Since 
it was the Þrst robotic artifact with TUI used in educational 
contexts (and a model for Topobo used in this study) it is worth 
introducing Curlybot shortly as a foundation for the 
understanding of tangible construction kits.
Curlybot (Frei et al., 2000) is an autonomous two-wheeled toy 
with embedded electronics that record movement on a ßat 
surface and plays back the physical motion repeatedly. The main 
difference between programmable construction kits and 
Curlybot is that both Curlybot’s execution/output and 
programming/input operates on a physical level. A child 
records the movement by pressing the button and moving 
Curlybot through a desired path. Then the child presses the 
button again which stops the recording. Functions of the 
Curlybot are played back, replicating every recorded motion 
and repeating them indeÞnitely until the child stops the 
functions by pressing the button again. 
In the Þeld studies Curlybot encouraged children to play 
with it and to make different interactions with it including 
geometric shapes with an attached pen in the Curlybot, gestural 
recordings (e.g. nervous shakes) and narrative recordings based 
particularly on the gestural shapes. The interaction between 
children was also observed when a child was inspired by 
another’s interaction with Curlybot (Frei et al., 2000). Curlybot 
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was suggested as an introductory toy for science because it 
supported multiple learning and play styles within advanced 
computational and mathematical concepts, such as geometry, 
physics and the law of large numbers and probability. Elaborate 
and long-term studies were, however, not conducted to 
ascertain this data.
The pedagogical roots of construction kits are founded on 
analogous roots of robotics kits and have, for example, Seymour 
Papert, Johann H. Pestalozzi, Fiedrich Fröbel, Maria Montessori 
and John Dewey as their background pedagogical foundations. 
For instance, Curlybot’s educational foundations were built on 
Fröbel’s idea of making concepts accessible to and easily 
manipulated by children (Frei et al., 2000; Brosterman, 2002). 
One of the educational objectives of construction kits has been 
the introduction of new domains of science, technology, 
engineering, mathematics and programming to young children 
in such a way that they become active and creative learners with 
the technology. Robotic and non-robotic creatures have opened 
concrete ways of exploring various knowledge domains that 
have not been typical in the education of children at that age in a 
playful and creative manner. Especially products related to 
academic research and development, like Topobo (Rafße, Parkes 
& Ishii, 2004), I-BLOCK (Lund & Marti, 2004) and Electronic Block 
(Wyeth, 2008), are examples of such construction kits. These 
examples of educational robotics have not been commercially 
available and, if so, they have not been widely employed. 
Therefore, research has been conducted by and reported upon 
mostly by the developers only, which narrows the range of 
available research papers on each construction kit for analysis. 
The Þrst example, Topobo, a 3D constructive assembly 
system with kinetic memory (Rafße et al., 2004), is a 
continuation of tangible user interfaces and programmable 
construction kits (Figure 5). Topobo records and plays physical 
motions as Curlybot did, but instead of a ready-made artifact, it 
consists of building blocks. Topobo was further developed by 
adding physical components, called Backbacks, into the basic 
Topobo construction kit (Rafße, Parkes, Ishii, & Lifton, 2006). 
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Curlybot (Frei et al., 2000) is an autonomous two-wheeled toy 
with embedded electronics that record movement on a ßat 
surface and plays back the physical motion repeatedly. The main 
difference between programmable construction kits and 
Curlybot is that both Curlybot’s execution/output and 
programming/input operates on a physical level. A child 
records the movement by pressing the button and moving 
Curlybot through a desired path. Then the child presses the 
button again which stops the recording. Functions of the 
Curlybot are played back, replicating every recorded motion 
and repeating them indeÞnitely until the child stops the 
functions by pressing the button again. 
In the Þeld studies Curlybot encouraged children to play 
with it and to make different interactions with it including 
geometric shapes with an attached pen in the Curlybot, gestural 
recordings (e.g. nervous shakes) and narrative recordings based 
particularly on the gestural shapes. The interaction between 
children was also observed when a child was inspired by 
another’s interaction with Curlybot (Frei et al., 2000). Curlybot 
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was suggested as an introductory toy for science because it 
supported multiple learning and play styles within advanced 
computational and mathematical concepts, such as geometry, 
physics and the law of large numbers and probability. Elaborate 
and long-term studies were, however, not conducted to 
ascertain this data.
The pedagogical roots of construction kits are founded on 
analogous roots of robotics kits and have, for example, Seymour 
Papert, Johann H. Pestalozzi, Fiedrich Fröbel, Maria Montessori 
and John Dewey as their background pedagogical foundations. 
For instance, Curlybot’s educational foundations were built on 
Fröbel’s idea of making concepts accessible to and easily 
manipulated by children (Frei et al., 2000; Brosterman, 2002). 
One of the educational objectives of construction kits has been 
the introduction of new domains of science, technology, 
engineering, mathematics and programming to young children 
in such a way that they become active and creative learners with 
the technology. Robotic and non-robotic creatures have opened 
concrete ways of exploring various knowledge domains that 
have not been typical in the education of children at that age in a 
playful and creative manner. Especially products related to 
academic research and development, like Topobo (Rafße, Parkes 
& Ishii, 2004), I-BLOCK (Lund & Marti, 2004) and Electronic Block 
(Wyeth, 2008), are examples of such construction kits. These 
examples of educational robotics have not been commercially 
available and, if so, they have not been widely employed. 
Therefore, research has been conducted by and reported upon 
mostly by the developers only, which narrows the range of 
available research papers on each construction kit for analysis. 
The Þrst example, Topobo, a 3D constructive assembly 
system with kinetic memory (Rafße et al., 2004), is a 
continuation of tangible user interfaces and programmable 
construction kits (Figure 5). Topobo records and plays physical 
motions as Curlybot did, but instead of a ready-made artifact, it 
consists of building blocks. Topobo was further developed by 
adding physical components, called Backbacks, into the basic 
Topobo construction kit (Rafße, Parkes, Ishii, & Lifton, 2006). 
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Backbacks introduced sensors, feedback and behavior 
modulation which allowed the children to modulate the 
recorded motions of Topobo in terms of phase (i.e. Time Delay), 
amplitude (i.e. bigger-smaller), frequency (i.e. faster-slower) and 
orientation (i.e. offset). Later the controllers of Remix and Robo 
were added into Topobo to overcome the limitations of the 
tangible programming interface (Rafße, Yip, & Ishii, 2007).
Figure 5. Topobo: robot "ant" construction
The effect of Topobo on children’s learning has not been 
studied extensively by international research communities, but 
conducted mainly by the developers of Topobo. Research 
outcomes have focused on the technical implementation and 
evaluation of Topobo with children in terms of age range, the 
domains of knowledge and user experiences (Rafße et al., 2004; 
Rafße et al., 2006; Rafße et al., 2007). Some longitudinal 
evaluations have also been conducted which provides wider 
user experiences by applying Topobo into varied educational 
contexts (Parkes, Rafße, & Ishii, 2008; Farr, Yuill, & Rafße, 2010).
According to the researchers, Topobo focused on expressive 
and exploratory learning especially as regards motion and 
animal locomotion. Using the basic Topobo construction kit, 
children could, for instance, learn more about advanced physical 
principles, the Þelds of modular robotics, system coordination, 
emergent dynamics and locomotion. Topobo with Backback 
introduced the parameters of motion to the children and made 
the exploration of local motion components and their effect on 
the robot’s overall movements possible. 
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Evaluation of Topobo with pre-school children, second 
graders and eight graders addressed slightly different 
advantages of Topobo to each of the different age group users. 
Based on the Þndings, it was suggested that Topobo was best 
suited to children aged seven and older. Pre-school children 
were the least impacted by the features of the original Topobo 
and they typically programmed only one Active. Second graders 
were most eager to use the Topobo system, whereas eight 
graders mastered programming and physical manipulation. The 
older the children, the greater their conceptual understanding 
regarding Topobo and this suggests that guidance from teachers 
may be helpful in facilitating in-depth conceptualization and 
kinematics thinking, especially for younger children (Rafße et 
al., 2004, 2006, 2007). 
Evaluations with users showed that rapid experimentations 
with Topobo were the most successful working method. 
Iteration, that consisted of going back and forth between 
building and programming, was more successful and a more 
creative method of working than compartmentalized building 
and programming (Rafße et al., 2004, 2006). The use of Remix 
and Robo controllers to facilitate competitive battles with 
Topobo evoked cooperation between children. Similar 
interaction also occurred between children in the case of 
tangible Curlybot, where a child was inspired by another’s 
interaction with Curlybot. Rafße et al., (2007) suggested that this 
kind of social context motivated the children to focus and reßect 
on their understanding of Topobo as the robotics manipulative 
itself. 
Researcher also paid attention to factors that impacted upon 
Topobo’s exploitation in the real learning environments. When 
Topobo was introduced into schools and after-school clubs, 
requirements of learning and the educational environment 
emerged. The need for sufÞcient knowledge, time and the 
requirements of curricula surfaced as factors that had an impact 
on teachers’ experiences using Topobo as a tool for learning in 
the classroom. (Parkes et al., 2008). Similar requirements also 
Educational robotics
! Dissertations in Forestry and Natural Sciences No 169 ! 21
Backbacks introduced sensors, feedback and behavior 
modulation which allowed the children to modulate the 
recorded motions of Topobo in terms of phase (i.e. Time Delay), 
amplitude (i.e. bigger-smaller), frequency (i.e. faster-slower) and 
orientation (i.e. offset). Later the controllers of Remix and Robo 
were added into Topobo to overcome the limitations of the 
tangible programming interface (Rafße, Yip, & Ishii, 2007).
Figure 5. Topobo: robot "ant" construction
The effect of Topobo on children’s learning has not been 
studied extensively by international research communities, but 
conducted mainly by the developers of Topobo. Research 
outcomes have focused on the technical implementation and 
evaluation of Topobo with children in terms of age range, the 
domains of knowledge and user experiences (Rafße et al., 2004; 
Rafße et al., 2006; Rafße et al., 2007). Some longitudinal 
evaluations have also been conducted which provides wider 
user experiences by applying Topobo into varied educational 
contexts (Parkes, Rafße, & Ishii, 2008; Farr, Yuill, & Rafße, 2010).
According to the researchers, Topobo focused on expressive 
and exploratory learning especially as regards motion and 
animal locomotion. Using the basic Topobo construction kit, 
children could, for instance, learn more about advanced physical 
principles, the Þelds of modular robotics, system coordination, 
emergent dynamics and locomotion. Topobo with Backback 
introduced the parameters of motion to the children and made 
the exploration of local motion components and their effect on 
the robot’s overall movements possible. 
Marjo Virnes: Four Seasons of Educational Robotics
! 20! Dissertations in Forestry and Natural Sciences No 169
Evaluation of Topobo with pre-school children, second 
graders and eight graders addressed slightly different 
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creative method of working than compartmentalized building 
and programming (Rafße et al., 2004, 2006). The use of Remix 
and Robo controllers to facilitate competitive battles with 
Topobo evoked cooperation between children. Similar 
interaction also occurred between children in the case of 
tangible Curlybot, where a child was inspired by another’s 
interaction with Curlybot. Rafße et al., (2007) suggested that this 
kind of social context motivated the children to focus and reßect 
on their understanding of Topobo as the robotics manipulative 
itself. 
Researcher also paid attention to factors that impacted upon 
Topobo’s exploitation in the real learning environments. When 
Topobo was introduced into schools and after-school clubs, 
requirements of learning and the educational environment 
emerged. The need for sufÞcient knowledge, time and the 
requirements of curricula surfaced as factors that had an impact 
on teachers’ experiences using Topobo as a tool for learning in 
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emerged when robotics kits were used in the real school 
environment.
The second example, I-BLOCKS (Lund, 2003), represents the 
other domains of learning such as narratives and language 
learning. I-BLOCKS, which stands for intelligent blocks, is a 
tangible construction kit that is based on the combined 
construction and programming of an artifact (Figure   6). I-
BLOCKS consist of three types of blocks, standard I-BLOCKS 
(processing and communication), input I-BLOCKS (sensors), 
and output I-BLOCKS (actuators) which are implemented in 
LEGO DUPLO blocks which contain a microprocessor. When 
they are combined, I-BLOCKS communicate with each other 
over the two-way serial communication channels. Children 
create an I-BLOCK artifact of their choice by attaching a number 
of blocks. The construction can be, for instance, a living tree 
(Lund & Marti, 2004). Since the creation of the artifact includes 
the creating of the functions, I-BLOCKS implements 
programming by building (Lund, 2003) and this distinguishes I-
BLOCKS from other tangible construction kits.
Figure 6. I-BLOCKS construction kit
I-BLOCKS has been applied to storytelling and speech 
therapy, both related to the rehabilitation of children with 
linguistic disabilities (Lund & Marti, 2004). In the context of 
storytelling, I-BLOCKS supported creativity and interaction in 
developing narratives through the paradigm of programming 
by constructing. The story telling and character construction 
were used in tasks where children built a story with a selected 
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emotion either with “dummy blocks” or with I-BLOCKS, 
represented an emotional state, and told the story. 
The comparative study between dummy blocks and I-
BLOCKS showed the effect of the different building blocks on 
childrenÕs working and demonstrated the signiÞcance of 
technologyÕs modiÞability and programmable functionality in 
children’s technological outcomes. The use of different blocks 
resulted in different working methods, processes and outcomes. 
The story was built in a sequential way with dummy blocks and 
this included the stages of decision regarding the story and its 
construction. Stories built using I-BLOCKS were created while 
constructing and drawing inspiration from the use of the blocks. 
Emotions were presented through using differently shaped and 
colored dummy blocks, whereas emotions were presented 
through dynamic interaction with I-BLOCKS, depending on the 
behavior of the construction. Children’s interpretations of the 
constructed artifact with dummy blocks remained unchanged 
during the story telling, whereas I-BLOCKS evoked 
improvisation in some parts of the story as the functions of the 
artifact suggested. 
The idea of I-BLOCKS was applied, if only by using the 
Wizard of Oz technique, into speech therapy for children with 
dyslexia and speciÞc language impairments (Lund & Marti, 
2005; Lund, Marti, & Palma, 2004). By incorporating I-BLOCKS 
into speech therapy, the researchers aimed to assist children’s 
learning, to support their logic and grammatical tasks and to 
support the creative activity of linguistic production. Activities 
consisted of creating and manipulating sentences by using the 
blocks. Results reported a child had managed to create full 
sentences with blocks, which indicates the potential of the I-
BLOCKS as a learning tool in special needs education. 
Differences between elementary school children and children 
with learning disabilities emerged as the produced complexity 
of constructed sentences. Elementary school children preferred 
to work with more complex physical structures and extended 
grammars, whereas children with learning disabilities preferred 
the one-dimensional sequence on the table. Because I-BLOCKS 
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emerged when robotics kits were used in the real school 
environment.
The second example, I-BLOCKS (Lund, 2003), represents the 
other domains of learning such as narratives and language 
learning. I-BLOCKS, which stands for intelligent blocks, is a 
tangible construction kit that is based on the combined 
construction and programming of an artifact (Figure   6). I-
BLOCKS consist of three types of blocks, standard I-BLOCKS 
(processing and communication), input I-BLOCKS (sensors), 
and output I-BLOCKS (actuators) which are implemented in 
LEGO DUPLO blocks which contain a microprocessor. When 
they are combined, I-BLOCKS communicate with each other 
over the two-way serial communication channels. Children 
create an I-BLOCK artifact of their choice by attaching a number 
of blocks. The construction can be, for instance, a living tree 
(Lund & Marti, 2004). Since the creation of the artifact includes 
the creating of the functions, I-BLOCKS implements 
programming by building (Lund, 2003) and this distinguishes I-
BLOCKS from other tangible construction kits.
Figure 6. I-BLOCKS construction kit
I-BLOCKS has been applied to storytelling and speech 
therapy, both related to the rehabilitation of children with 
linguistic disabilities (Lund & Marti, 2004). In the context of 
storytelling, I-BLOCKS supported creativity and interaction in 
developing narratives through the paradigm of programming 
by constructing. The story telling and character construction 
were used in tasks where children built a story with a selected 
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emotion either with “dummy blocks” or with I-BLOCKS, 
represented an emotional state, and told the story. 
The comparative study between dummy blocks and I-
BLOCKS showed the effect of the different building blocks on 
childrenÕs working and demonstrated the signiÞcance of 
technologyÕs modiÞability and programmable functionality in 
children’s technological outcomes. The use of different blocks 
resulted in different working methods, processes and outcomes. 
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this included the stages of decision regarding the story and its 
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through dynamic interaction with I-BLOCKS, depending on the 
behavior of the construction. Children’s interpretations of the 
constructed artifact with dummy blocks remained unchanged 
during the story telling, whereas I-BLOCKS evoked 
improvisation in some parts of the story as the functions of the 
artifact suggested. 
The idea of I-BLOCKS was applied, if only by using the 
Wizard of Oz technique, into speech therapy for children with 
dyslexia and speciÞc language impairments (Lund & Marti, 
2005; Lund, Marti, & Palma, 2004). By incorporating I-BLOCKS 
into speech therapy, the researchers aimed to assist children’s 
learning, to support their logic and grammatical tasks and to 
support the creative activity of linguistic production. Activities 
consisted of creating and manipulating sentences by using the 
blocks. Results reported a child had managed to create full 
sentences with blocks, which indicates the potential of the I-
BLOCKS as a learning tool in special needs education. 
Differences between elementary school children and children 
with learning disabilities emerged as the produced complexity 
of constructed sentences. Elementary school children preferred 
to work with more complex physical structures and extended 
grammars, whereas children with learning disabilities preferred 
the one-dimensional sequence on the table. Because I-BLOCKS 
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let learners deÞne the level of difÞculty in their sentence 
construction, it seemed to serve as a suitable learning tool to 
diverse learners. A shared beneÞt to all the user groups was 
immediate feedback and physical manipulation which 
promoted action with I-BLOCKS. It is noteworthy to mention 
that the researchers initially observed this matter from the 
perspective of the group of special needs children.
The research and development of I-BLOCKS in different 
educational and cultural contexts and with diverse groups of 
users indicated the need for involving diverse users in the 
design process in order to understand the requirements and 
wishes of the different users (Lund & Marti, 2005). Later I-
BLOCKS evolved into a cube shape based on the feedback from 
research participants from different cultural environments, 
different ages and abilities.
The third example in the series of construction kits is 
Electronic Blocks (Wyeth & Wyeth, 2001) that are tangible 
building blocks with a tangible programming interface 
(Figure  7). The blocks are implemented in the LEGO DUPLO 
Primo blocks covering sensor blocks (seeing, hearing, touch), 
action blocks (light, sound, movement) and logic blocks (toggle, 
delay, not, and). Children create robots and build computer 
programs by stacking and arranging the blocks that interact 
with one another and the physical environment (Wyeth & 
Wyeth, 2001; Wyeth, 2008).
 
Figure 7. Electronic Blocks (from Wyeth & Wyeth, 2001, p. 497Ð498)
The Electronic Blocks were developed for the technology 
education of young children, aged between three and eight 
years of age. Educational standpoints correspond with other 
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construction kits which have an objective of introducing 
technology to children in a developmentally appropriate and 
explorative way. Electronic Blocks aim to particularly engage 
programming experiences that have not been emphasized or 
focused upon by the other programmable construction kits 
(Wyeth & Wyeth, 2001; Wyeth, 2008).
Opportunities for programming (even with young children) 
were achieved through tangible input and output and without 
conventional programming languages and the computer (also 
Fessakis, Gouli, & Mavroudi, 2013). The researchers studied the 
ways in which children at the age of seven and eight learned to 
program with electronic Blocks. They evaluated several aspects 
of programming from the children’s actions with Electronic 
Blocks including syntax and functionality, achieving desired 
solutions, code reuse, debugging, planning, and seeking 
alternative solutions. 
Results showed that the properties of the blocks enforced 
simple syntax, which resulted in an inability to create stacks 
where the function was undeÞned or ambiguous. The more 
complex the task, the more children experienced difÞculties in 
Þnding a solution, especially in the case of logic blocks. 
However, increased interactions with the Electronic Blocks 
improved the childrenÕs ability to Þnd solutions to even more 
complex tasks. 
Reusing the codes was minor that was the case also with 
debugging techniques and planning activities. However, the 
more complex the task, the more frequently debugging 
techniques and planning were used. Seeking alternative 
solutions was also relatively rare and occurred mostly with 
simple structures that children understood deeply and not so 
much with more challenging tasks. 
Electronic Blocks were studied mainly through focusing on 
the skills of programming and problem solving. Results showed 
that the set of problem-solving tasks opened new opportunities 
to experience programming through planning, building, 
debugging and rebuilding (Wyeth, 2008). By deÞning the stages 
of planning, building, debugging and rebuilding as a basis for 
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children’s action, working with Electronic Blocks is closely 
linked to working with robotic kits.
Besides the construction kits, there are a number of other 
tangible technologies meant for education, but which are not 
robotic and modiÞable in terms of construction or functions. 
Examples of such tangibles are, for instance, digitally 
augmented paper and books (augmented by barcodes, RFID 
tags, video-based augmented reality), physical objects as digital 
icons i.e. phicons (e.g. Microsoft ActiMates Barney, Storymat, 
Chromarium), other digital manipulatives (e.g. TellTale, 
StoryBeads, Triangles, The Ambient Wood, Hunting the Snark) 
(Resnick, Martin, Berg, Boroway, Colella, Kramer, & Silverman, 
1998) and sensors and digital probes (e.g. I/O Brush) (O’Malley 
& Stanton Fraser, 2004). The wide variety of tangible 
technologies is notable because it indicates that control of 
technologies for learning will be, and already has been, turned 
into tangible manipulation. Since tangibility will supposedly 
direct children’s action with educational robotics and other 
educational technologies, it is worth highlighting some 
educational advantages and disadvantages of tangible solutions.
Research on construction kits with tangible programming 
interfaces has highlighted the development of seamless 
interfaces between the users, technology and the environment, 
thus opening new ways for children to create and manipulate 
robot artifacts. Tangible construction kits have been developed 
and evaluated extensively in different learning environments 
and with diverse groups of children, the focus being on research 
and technical development, describing the processes of learning 
and discussing some learning outcomes. Construction kits have 
been extensively used in trials at kindergartens, schools and 
after school clubs, however, resorting under research and 
development projects. Their limited commercial availability 
seems to be a reason for conducting research on these particular 
technologies in the research units who have developed the 
systems. Research emphasizes engineering, development and 
Þeld trials with a minor focus on verifying educational 
outcomes.
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Since tangibles have been a trend for some years, questions 
have also arisen concerning tangible technologies. Hands-on 
activity or manipulation (which has been suggested as being an 
educational beneÞt) has tangibles in common, but there are only 
a few research studies on the utility of tangible interfaces for 
learning. In the same way there is a lack of studies that can 
conÞrm statements regarding the other beneÞts of tangibles 
including possible learning beneÞts, learning domains especially 
supported by tangible interfaces, exploratory and expressive 
activity, the integration of representations, differences between 
concreteness and tangibles and the effects of physicality 
(reported e.g. by Marshall, 2007; O’Malley & Stanton Fraser, 
2004; Marshall, Price, & Rogers, 2003). In the case of 
motivational questions, tangible interfaces with direct 
interaction with the application seem to produce different 
collaboration styles and a smooth working with the learning 
tool (Xie, Antle, & Modamedi, 2008). Tangible learning solutions 
also seem to improve playful learning activities which, in turn, 
strengthens the central role of children in the activity, which can 
be seen as a factor towards promoting immersion and 
engagement (Price, Rogers, Scaife, Stanton, & Neale, 2003). 
Criticism seems to focus on high expectations presented 
towards tangibles versus other ways to use learning 
technologies, and the lack of veriÞcation of the expectations 
through educational research. Most probably it is not relevant to 
exert efforts towards proving the advantages of tangible 
manipulation in learning outcomes, as compared to other ways 
of using technology, as tangibility has already earned its place in 
mainstream technology solutions, such as in mobile devices. 
When the control over technology is tangible, then the focus 
could be on the integration of tangibility and pedagogical 
content, which could then strengthen a move towards achieving 
the expectations that were set out for tangibles.
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2.4. SOCIAL ROBOTS
Social robots are one type of autonomous robot, among the 
variety of robots, which are able to recognize others, 
communicate and engage social interaction (Fong, Nourbakhsh, 
& Dautenhahn, 2003). They can also be deÞned as the class of 
robots that people anthropomorphize in order to interact with 
them (Breazeal, 2003; Breazeal, Takanishi, & Kobayashi, 2008). 
Social robots have typically been studied in research which falls 
under human-robot interaction (HRI) having the educational 
context mentioned as a potential application area instead of 
being in the focus of the research (e.g. in Feil-Seifer & Matarić, 
2009; Shin & Sangah Kim, 2007). Therefore, state-of-the-art social 
robots have primarily been developed to improve robotic 
devices, artiÞcial intelligence and human-robot interaction (e.g. 
Breazeal, 2003; Breazeal et al., 2008; Scassellati, Crik, Gold, Kim, 
Shic, & Ganghua, 2006; Tanaka & Suzuki, 2005; Kanda, Nabe, 
Hiraki, Ishiguro, & Hagita, 2008).
Social robots have applied artiÞcial intelligence to 
educational settings and the focus has been on teaching through 
child-robot interaction and, in some cases, through educational 
software application (e.g. Han, Jo, Park, & Kim, 2005, Tanaka & 
Suzuki, 2005; Tanaka & Movellan, 2006; Billard, 2003; Nomura, 
Kanda, Suzuki, Jeonghye, Shin, Burke, & Kato, 2007) or into 
therapy (e.g. Stiehl, Lee, Breazeal, Nalin, Morandi, & Sanna 
2009; Shibata, Kawaguchi, & Wada, 2012; Yamamoto & Kimura, 
2007; Ferrari, Robins, & Dautenhahn, 2009). Compared to the 
construction kits, social robots are pre-constructed and pre-
programmed, which emphasizes learning through active social 
interaction between a robot and a child. In educational contexts, 
a social robot interacts and communicates with children by 
following social behaviors and pedagogical practices attached to 
its role. Children communicate and play with the robot through 
its physical, motor and sensory abilities that form its physical 
representation. Autonomy makes the robot social i.e. making 
decisions that facilitate or support children’s learning. Fong et 
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al. (2003) have deÞned a wide range of social behaviors that 
make a robot social. These social behaviors are the abilities to: 
•! express and/or perceive emotions,
•! communicate using high-level dialogue, 
•! learn/recognize models of other agents,
•! establish/maintain social relationships, 
•! use natural cues (gaze, gestures, etc.),
•! exhibit a distinctive personality and character and 
•! learn/develop social competencies.
Social robots can be categorized as socially assistive robots 
(SAR) and socially interactive robots (SIR) based on their 
implementation and the purpose of their use (Feil-Seifer & 
Matarić, 2009; Fong et al., 2003). Based on peopleÕs inclination to 
anthropomorphize the robots, robots can also be categorized as 
socially evocative, socially communicative, socially responsive, and 
sociable robots (Breazeal, 2003). The level of sociability addresses 
the design of the robot to increase its ability to support social 
interactions in complex environments and scenarios. For 
example, socially evocative robots typically function as toys that 
are designed to encourage people to anthropomorphize 
technology in order to interact with it without venturing further 
into technological design. Socially communicative robots use 
human-like social cues and communication modalities that are 
measured from a human perspective. This kind of robot is, for 
example, used as robot avatars in interfaces. Socially responsive 
robots learn from interactions with people and therefore beneÞt 
from interaction. People can shape the robotÕs behavior through 
social cues and the robot tends to be more perceptive of human 
social cues. Robots are, however, socially passive in the sense 
that they are only social in response to peopleÕs initiatives to 
interact with them. Otherwise they do not have any internal 
goal to socialize with people. Sociable robots are sociable 
creatures with their own internal goals and motivations. They 
do not only beneÞt people, but they themselves beneÞt from 
interaction with people and can, on some levels, model human 
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behavior in order to interact with them. Because I used only one 
type of social robot, RUBI, for this study, I present the variety of 
social robots based on the purpose of use in education and refer 
to the level of sociability respectively.
Socially assistive robots provide help through non-contact, 
social interaction which is aimed at fostering the social 
interactions of the users of the robot. It has been suggested that 
social robots can assist, for instance, in the education and 
rehabilitation of children on the autistic spectrum as well as 
children who manifest with social and cognitive disorders 
(Koegel, Carter, & Koegel, 2003; Kozima, Nakagawa, & Yasuda, 
2005; Lathan, Vice, Tracey, Plaisant, Druin, Edward, & 
Montemayor, 2001; Michaud, Dudette, & Nadeau, 2003; Werry, 
Dautenhahn, Ogden, & Harwin, 2001; Stiehl et al., 2009; 
Scassellati, Admoni, & Matarić, 2012). In addition, assistive 
robots (AR) differ from socially assistive robots as their aim is to 
offer aid or support to a human user through physical 
interaction (e.g. Kahn, Friedman, Perez-Granados, & Freier, 
2006; Stanton, Kahn, Severson, Ruckert, & Gill, 2008; Wada, 
Ikeda, Inoue, & Uehara, 2010).
Socially interactive robots are robots whose primary feature 
is the building and maintaining of social interaction with 
humans. They have been introduced into educational domain to 
assist teachers (e.g. Movellan, Tanaka, Fasel, Taylor, Ruvolo, & 
Eckhardt, 2007; Movellan, Tanaka, Fortenburry, & Aisaka, 2005), 
to interact with children (e.g. Fridin, 2014; Tanaka, Cicourel, & 
Movellan, 2007; Tanaka & Suzuki, 2005), to enrich the 
educational experiences of children (Movellan, Eckhardt, Virnes, 
& Rodriquez, 2009; Movellan et al. 2005;) and to teach (e.g. 
Kanda, Hirano, Eaton, & Ishiguro, 2004a; Kanda, Sato, Saiwaki, 
& Ishiguro, 2004b; Movellan et al., 2009). 
In the educational context, the use of social robots (both 
socially assistive and socially interactive robots) has focused on the 
building of interaction between children and robots. Through 
this constructed interaction social robots have served as a 
medium for fostering children’s social skills (for example 
communication, interaction and collaboration) and for 
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supporting language learning as a robot teacher. Because the 
subject matter and target groups speciÞc to socially assistive 
robots and socially interactive robots differ, I review the 
categories separately. 
Socially assistive robots have been applied into the therapy, 
rehabilitation and education of children on the autistic spectrum 
as well as other disabilities. They represent a robotics solution 
that aims to assist children in procuring and developing social 
skills such as communication, interaction, turn taking and role 
change. A method has typically been the imitation of the robotÕs 
behavior or a response to the robotÕs behavior (Feil-Seifer & 
Matarić, 2008; Kozima, Michalowski, & Nakagawa, 2009; 
Robins, Dautenhahn, te Boekhorst, & Billard, 2004, 2005; Robins 
& Dautenhahn, 2004). Examples of socially assistive robots are 
robot dolls Robota (Billard, 2003) and Kaspar (e.g. Wainer, 
Dautenhahn, Robins, & Amirabdollahian, 2010a) used in the 
AURORA and IROMEC projects, Keepon (Kozima et al., 2009), 
Huggable (Stiehl et al., 2009) and AISTÕs5 robotic seal Paro (e.g. 
Wada et al., 2010). Huggable and Paro have however been 
applied mainly to pediatric and geriatric care as a robotic 
companion to children and the elderly. Because they have not 
been studied within educational contexts, I exclude them from 
the research review.
Research on robot dolls, such as Robota and Kaspar 
(Figure   8), has focused on mediating social interaction with 
children on the autistic spectrum in the context of therapy and 
education (e.g. Robins et al., 2005). Robota is a small humanoid 
robot which has motors to drive its legs, arms and head and the 
set of sensors which detect its environment. It was suggested as 
an educational toy to help autistic children learn body gestures, 
which are fundamental in interaction, through an imitation 
game with the robot (Billard, 2003). Kaspar is a humanoid robot 
that has been designed to look like a robotic 3-year-old boy. 
KasparÕs properties include arms for waving and gesturing, a 
head with the capability to pan and tilt, eyes which can blink 
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Scassellati, Admoni, & Matarić, 2012). In addition, assistive 
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supporting language learning as a robot teacher. Because the 
subject matter and target groups speciÞc to socially assistive 
robots and socially interactive robots differ, I review the 
categories separately. 
Socially assistive robots have been applied into the therapy, 
rehabilitation and education of children on the autistic spectrum 
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Wada et al., 2010). Huggable and Paro have however been 
applied mainly to pediatric and geriatric care as a robotic 
companion to children and the elderly. Because they have not 
been studied within educational contexts, I exclude them from 
the research review.
Research on robot dolls, such as Robota and Kaspar 
(Figure   8), has focused on mediating social interaction with 
children on the autistic spectrum in the context of therapy and 
education (e.g. Robins et al., 2005). Robota is a small humanoid 
robot which has motors to drive its legs, arms and head and the 
set of sensors which detect its environment. It was suggested as 
an educational toy to help autistic children learn body gestures, 
which are fundamental in interaction, through an imitation 
game with the robot (Billard, 2003). Kaspar is a humanoid robot 
that has been designed to look like a robotic 3-year-old boy. 
KasparÕs properties include arms for waving and gesturing, a 
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and the ability to action simple facial expressions (Wainer, 
Ferrari, Dautenhahn, & Robins, 2010b).
 
Figure 8. Robota 6 (left) and KASPAR7 (right)
Research on humanoid robot dolls and children with autism 
has been conducted in several experimental and Þeld studies 
that focused strongly on learning through imitation. It was 
found that robot dolls encouraged imitation and social 
interaction in children through imitative and turn-taking games 
(e.g. Dautenhahn, 2007; Robins & Dautenhahn, 2004; Robins & 
Dautenhahn, 2010) and provided an enjoyable focus of joint 
attention. It was also found that children directed more eye 
contact and attention towards the robot than to humans and that 
they played with the robot doll differently than with a human. 
This resulted in the conclusion that robot dolls are a suitable 
medium for encouraging interaction in that it is an interesting, 
fun and enjoyable game partner (Robins et al., 2004; Robins, 
2007). 
Later the focus of research moved towards robot assisted 
playing and playing skills that invites children with autism into 
their social environment (e.g. Robins, Dautenhahn, & Dickerson, 
2009; Robins, Ferrari, & Dautenhahn, 2008; Wainer et al., 2010a, 
2010b; Virnes, Kärnä, & Vellonen, 2015). Developed play 
scenarios and playful actions with robot dolls have however 
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resulted in the imitation of the robot as the main type of action 
with the robot. The present trend in leading robotics and autism 
research is a move towards the use of social robots and artiÞcial 
intelligence in learning environments based on the actions of 
play and interaction (Kozima & Nakagawa, 2007). Research on 
robot dolls has focused on the study of robots as social 
mediators and investigating what robotic systems can 
encourage basic communication and social communication skills 
in children diagnosed with autism. Related to the properties of 
robotics, studies have focused on issues concerning human-
robot interaction and features of robots and has suggested a 
ßexible, choice-based and tangible technologies for use in 
therapy and education (Robins et al., 2005).
Another application of robotics for education of typically 
developed children and children with autism is Keepon 
(Figure 9). Keepon (Kozima et al., 2009) is a creature-like small 
robot designed for simple, natural, nonverbal interaction with 
children. It has a yellow snowman-like body, eyes with cameras 
and a nose with a microphone. Body movement is manipulated 
through a marionette-like mechanism using motors and wires. 
KeeponÕs interactive functions include expressing attention (e.g. 
eye contact and joint attention with a human) and emotion (e.g. 
pleasure, excitement and fear). Body functions include nodding, 
turning, rocking and bobbing that represent interactive actions 
of attentive emotive action.
Figure 9. Keepon (Kozima et al., 2005 p. 42)
Keepon has been tested in laboratory settings and real life 
action environments of typically developed children at pre-
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and the ability to action simple facial expressions (Wainer, 
Ferrari, Dautenhahn, & Robins, 2010b).
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resulted in the imitation of the robot as the main type of action 
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research is a move towards the use of social robots and artiÞcial 
intelligence in learning environments based on the actions of 
play and interaction (Kozima & Nakagawa, 2007). Research on 
robot dolls has focused on the study of robots as social 
mediators and investigating what robotic systems can 
encourage basic communication and social communication skills 
in children diagnosed with autism. Related to the properties of 
robotics, studies have focused on issues concerning human-
robot interaction and features of robots and has suggested a 
ßexible, choice-based and tangible technologies for use in 
therapy and education (Robins et al., 2005).
Another application of robotics for education of typically 
developed children and children with autism is Keepon 
(Figure 9). Keepon (Kozima et al., 2009) is a creature-like small 
robot designed for simple, natural, nonverbal interaction with 
children. It has a yellow snowman-like body, eyes with cameras 
and a nose with a microphone. Body movement is manipulated 
through a marionette-like mechanism using motors and wires. 
KeeponÕs interactive functions include expressing attention (e.g. 
eye contact and joint attention with a human) and emotion (e.g. 
pleasure, excitement and fear). Body functions include nodding, 
turning, rocking and bobbing that represent interactive actions 
of attentive emotive action.
Figure 9. Keepon (Kozima et al., 2005 p. 42)
Keepon has been tested in laboratory settings and real life 
action environments of typically developed children at pre-
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school and at day care centers for children with pervasive 
developmental disorders like autism and Asperger’s syndrome. 
Hundreds of children have participated in the research that has 
used an ethnographic approach and longitudinal Þeld 
observations and quantitative and qualitative analysis of 
interactions between children and Keepon (Kozima, Yasuda, & 
Nakagawa, 2007).
Varying styles of play were studied in typically developed 
children. Field trials indicated a different ontological 
understanding through different play styles of children. Keepon 
appeared to children of the age 0 as a moving thing. The 1 to 2 
year-olds at Þrst perceived Keepon as a moving thing but 
recognized it, after playing with it, as an autonomous system 
that possesses attention and emotion. Children aged 2 years and 
older recognized Keepon (after ”thing” and ”system”) as a social 
agent that they can play with by exchanging and coordinating 
their attention and emotions. Children aged 3 and 4 showed 
various spontaneous interactions and various styles of play that 
changed over time. They also spoke to Keepon, believing that it 
could think and they interpreted Keepon’s responses as having 
communicative meanings (Kozima et al., 2009).
As regards therapy use, Keepon opened up a new 
understanding of children with autism. Keepon enriched the 
children’s interaction and expanded their individual ways of 
expressing themselves through the robot (Kozima et al., 2005). It 
was also found that children with autism established a social 
relationship with the simple robot, engaged in a dyadic 
exchange of attention and emotion with it, showed vivid facial 
expressions and even care-taking behavior. This all shows that 
autistic children possess the motivation for sharing and 
exchanging mental states with others. 
Children spontaneously approached Keepon and explored its 
texture and motion and gradually entered into explorative and 
social interaction with the robot. It was expected that Keepon’s 
simple appearance and its basic actions that are only capable of 
expressing attention and emotion evoked the described behavior 
in children. The simple gestalt was easy to understand and the 
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sense that the robot perceives and acts as humans do motivated 
the children to explore and communicate with it (Kozima et al., 
2009).
Socially interactive robots include robots that have been 
applied for the education of children or studied otherwise in the 
educational settings (Movellan et al., 2005, 2007, 2009; Tanaka, 
Movellan, Fortenburry, & Aisaka, 2006; Kanda, Sato, Saiwaki, 
Ishiguro, 2007). Socially interactive robots take advantage of the 
social features characterizing the interaction between children 
and the robot. Interaction is in a key position to launch learning 
processes and achieve learning outcomes. Research on the use of 
social robots in education has presented some veriÞed learning 
outcomes and describes the interaction between social robots 
and children. Regarding the educational context and human-
robot interaction in education, research on socially interactive 
robots has particularly highlighted long term socialization and 
interaction, as well as bonding between children and robots. 
Research reports on children’s action with robots and loosely 
describes it as being related to the technical properties of the 
robots. Examples of such social robots are Robovie (Kanda, 
Ishiguro, Ono, Imai, & Nakatsu, 2002; Ishiguro, Ono, Omai & 
Kanda, 2003), RUBI (Movellan et al., 2005, 2007) and Sony’s 
QRIO robot (Ishida, 2004). I present research Þndings on these 
socially interactive robots from the viewpoint of children’s 
action with the robots related to the technical properties of the 
robot and from the viewpoint of educational objectives.
A social humanoid robot, Robovie, has been developed in 
order to improve on an interaction-oriented robot that can 
participate in human society (Figure 10). Implementation of the 
humanoid-robot Robovie is based on human-like expressions 
and recognizing individuals by using various sensors and 
actuators. Software performs one hundred interactive behaviors 
including seventy interactive, twenty idle and ten moving 
around behaviors. Interactive behaviors appear according to 
either the robot’s or the child’s initiative and based on the set of 
predeÞned simple rules.
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school and at day care centers for children with pervasive 
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expressing themselves through the robot (Kozima et al., 2005). It 
was also found that children with autism established a social 
relationship with the simple robot, engaged in a dyadic 
exchange of attention and emotion with it, showed vivid facial 
expressions and even care-taking behavior. This all shows that 
autistic children possess the motivation for sharing and 
exchanging mental states with others. 
Children spontaneously approached Keepon and explored its 
texture and motion and gradually entered into explorative and 
social interaction with the robot. It was expected that Keepon’s 
simple appearance and its basic actions that are only capable of 
expressing attention and emotion evoked the described behavior 
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social features characterizing the interaction between children 
and the robot. Interaction is in a key position to launch learning 
processes and achieve learning outcomes. Research on the use of 
social robots in education has presented some veriÞed learning 
outcomes and describes the interaction between social robots 
and children. Regarding the educational context and human-
robot interaction in education, research on socially interactive 
robots has particularly highlighted long term socialization and 
interaction, as well as bonding between children and robots. 
Research reports on children’s action with robots and loosely 
describes it as being related to the technical properties of the 
robots. Examples of such social robots are Robovie (Kanda, 
Ishiguro, Ono, Imai, & Nakatsu, 2002; Ishiguro, Ono, Omai & 
Kanda, 2003), RUBI (Movellan et al., 2005, 2007) and Sony’s 
QRIO robot (Ishida, 2004). I present research Þndings on these 
socially interactive robots from the viewpoint of children’s 
action with the robots related to the technical properties of the 
robot and from the viewpoint of educational objectives.
A social humanoid robot, Robovie, has been developed in 
order to improve on an interaction-oriented robot that can 
participate in human society (Figure 10). Implementation of the 
humanoid-robot Robovie is based on human-like expressions 
and recognizing individuals by using various sensors and 
actuators. Software performs one hundred interactive behaviors 
including seventy interactive, twenty idle and ten moving 
around behaviors. Interactive behaviors appear according to 
either the robot’s or the child’s initiative and based on the set of 
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Figure 10. Robovie8
Long-term interaction was supported by three functions: 
calling the children’s names, pseudo-learning that is related to 
presented behaviors based on the used time with the robot and 
personal-themed matters such as “I like our class teacher”. 
Relationships among humans were identiÞed from their 
physical behaviors. Reading human relationships as friendly was 
based on two functions i.e. the robot engaged single humans to 
interact with it and so induced humans to perform group 
behaviors in front of it. Friendly relationships among humans 
were recognized simultaneously by identifying each person in 
the interacting group. 
In an educational context, Robovie was expected to build 
relationships with children so that children might learn from 
robots as they learn from other children (Kanda et al., 2004a, 
2004b). Robovie was applied into elementary school in order to 
interact with children. The purpose was for the robots to play 
with the children and to communicate with them in English and 
thus improve the children’s skills in spoken English. The results 
showed that there was no overall improvement in English scores 
among the children. Instead, the robotÕs inßuence depended on 
its ability to create a relationship with the user. Robovie failed to 
engage with most of the children. 
As a result, the sustaining of long-term relationships was 
identiÞed as an important area of human-robot interaction 
(Kanda et al. 2004a, 2004b), which proved to also have an impact 
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on the achievement of the learning objectives. Further studies 
focused on sustaining interaction between children and robot, 
which was approached by 1) the giving and asking of children’s 
names, 2)  the sharing of personal information by the children 
with the robot and 3) the sharing of the robot’s personal matters 
with the children. The results indicated that children, who had 
played with the robot for a shorter time, started giving and 
asking names and shared in the robot’s personal matters. The 
children, who had played with the robot for a longer period of 
time, continued playing with the robot for a period of more than 
two months and consequently created a friendly relationship 
with the robot. These children wanted to be the robot’s friend 
and were not interested in its mechanism. Based on these 
Þndings, the researchers suggested that long-term interaction 
and the focus on friendships should be fundamental facets to 
the interaction of social robots in educational settings.
An early version of the RUBI robot was inspired by the 
Robovie robot, but it was modiÞed so that young children 
would not be afraid of it (Figure 11). RUBI was based on a three-
foot tall, pleasantly plump robot with a head, two arms, facial 
expressions, clothes, hair and a touch screen (Figure 11, picture 
on the left). Children found the exterior appearance of RUBI 
non-threatening and presented a variety of social behaviors 
towards her including pointing, hugging, imitation and social 
referencing (Movellan et al., 2007). The later version of RUBI 
(Figure 11, picture on the right), which I used in this study, is 
smaller, but includes similar functionalities as the previous 
version.
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two months and consequently created a friendly relationship 
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and were not interested in its mechanism. Based on these 
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would not be afraid of it (Figure 11). RUBI was based on a three-
foot tall, pleasantly plump robot with a head, two arms, facial 
expressions, clothes, hair and a touch screen (Figure 11, picture 
on the left). Children found the exterior appearance of RUBI 
non-threatening and presented a variety of social behaviors 
towards her including pointing, hugging, imitation and social 
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(Figure 11, picture on the right), which I used in this study, is 
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Figure 11. Two versions of the socially interactive robot RUBI (Movellan et al., 
2007, p. 334)
The research and development of RUBI was aimed at 
integrating robot technology into early childhood education and 
focused on exploring the ways in which the robot could be used 
to assist teachers and enrich the educational experiences of 
children. Exploration was conducted in every-day life 
environments for long periods of time and focused on the 
continuous debugging of theories, software and hardware 
(Movellan et al., 2005; Ruvolo, Whitehill, Virnes, & Movellan, 
2008).
Research reports emphasize the setting of methodological 
questions when conducting a study. It was found that only the 
Þeld studies, which focused on solving simpler problems in the 
uncontrolled conditions of daily life, were not sufÞcient 
solutions to facilitate progress. Instead, the progress would 
require a focus on solving complex problems in the controlled 
conditions of laboratory environments to avoid misleading 
solutions that were based on intuitions drawn from the Þeld 
sessions (Movellan et al., 2007). 
Regarding the interaction between children and the robot, 
research Þndings indicated possibilities for establishing long-
term socialization and bonding between children and robot, at 
least when interaction was partially controlled by a human 
being. Research also indicated that touch and haptic behaviors 
played an important role in the development of bonding 
between children and the robot (Movellan et al., 2007).
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Learning achievements with RUBI were considered language 
learning in educational settings where the robot functioned fully 
autonomously during the intervention period. The study 
showed a 27% improvement in knowledge of target words 
taught by the robot when compared to a matched set of control 
words. The results suggested that sociable robots, such as RUBI, 
may be an effective and low cost technology to enrich Early 
Childhood Education environments (Movellan et al., 2009).
Interaction between children and the robot played a major 
role in the success of Robovie and was considered a major 
motive in the case of RUBI as well. Interaction was also the focus 
to the research on the Sony’s QRIO robot (Figure 12) that used 
dance interaction as a way to connect with children (e.g. Tanaka, 
Fortenburry, Aisaka, & Movellan, 2005; Tanaka & Suzuki, 2005).
Figure 12. QRIO robot 9
QRIO is a small biped entertainment robot designed for use 
in the home environment (Ishida, 2004). It was applied into 
early childhood education to children aged 18 to 24 months 
(Tanaka et al., 2007). Even though research on QRIO did not 
have explicit educational objectives, it highlighted themes as 
regards to the interaction between children and the robot that 
seemingly impact on the success of educational robotics in an 
educational context.
Research results showed that QRIO evoked long-term 
bonding and socialization and improved interaction between 
the children and the robot. It was also found that the children’s 
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Learning achievements with RUBI were considered language 
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to the research on the Sony’s QRIO robot (Figure 12) that used 
dance interaction as a way to connect with children (e.g. Tanaka, 
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behavior towards the robot mimicked their behavior towards 
their peers during the study. Differences also emerged in the 
ways in which children treated the robot, other children and 
soft-toys (a teddy bear and a QRIO looking toy robot). Teddy 
was ignored throughout the study. Instead rough-housing, 
hugging, touching with objects and care-taking were directed 
toward the QRIO toy robot. Differences between QRIO and the 
toy robot emerged when QRIO fell. In these situations the 
children treated QRIO as a human being, a sentiment which did 
not occur with the toy robot. Research presented these incidents 
between children and robot/s in an anecdotal way and without 
paying attention to the features of the robot and toys, which 
might have evoked the presented actions in the children. 
Treating the robot and toys differently, however, seems to hint at 
different representations of these toys which were presented to 
the children.
Research, regarding social robots, addresses the one indicator 
of successful use of educational robotics namely an engaging 
long-term relationship between children and robots (also Fong 
et al., 2003). Sustaining interaction is essential when 
encouraging children to work with robots and for achieving the 
wanted educational outcomes. Research and development has 
focused strongly on issues of interaction and the veriÞcation of 
learning outcomes regarding speciÞc subject matters, like 
language. Pedagogical roots and the evaluation of pedagogical 
processes has played a minor role when compared to research 
on robotics kits and construction kits. 
2.5. PROPERTIES OF EDUCATIONAL ROBOTICS
The survey of educational robotics indicated three different 
types of educational robotics namely robotics kits, construction 
kits, and social robots. There also exists one more type of robot 
and that is toy robots or robotic toys such as commercial robot 
puppies or single model construction kits. They are widely 
available to children and are ready to use for play and/or 
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entertainment. Toy robots may imitate advanced social robots in 
their appearance and functions, but their implementation is 
based on lower-level technologies. Compared to robotics kits, 
toy robots usually have limited options for modifying a toy 
robot artifact or for constructing more than a single model using 
the given instructions. I excluded toy robots and robotic toys 
from the study because they have not been particularly applied 
in the education domain through the identiÞcation of named 
learning objectives and are therefore out of reach for an 
educational context. Toy robots and robotic toys however 
possess the potential to be used in educational settings. 
Educational robotics in this study have some robotic features 
which identiÞes them as robots, but each type of educational 
robotics has special properties that distinguish them from each 
other as the analysis of educational robotics indicated. I thus 
highlighted their properties according to appearance, options 
for structure manipulation, options for function manipulation 
and educational objectives that typically deÞne the meaning of a 
robot. These properties I named in terms of phonology, 
morphology, syntax, and semantics (Table  1). The metaphorical 
terms are borrowed from theoretical linguistics, an action which 
I justify by referring to the nature of this research task as one 
which investigates communication and interaction, albeit 
unconventionally, between educational robotics and children.
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which identiÞes them as robots, but each type of educational 
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other as the analysis of educational robotics indicated. I thus 
highlighted their properties according to appearance, options 
for structure manipulation, options for function manipulation 
and educational objectives that typically deÞne the meaning of a 
robot. These properties I named in terms of phonology, 
morphology, syntax, and semantics (Table  1). The metaphorical 
terms are borrowed from theoretical linguistics, an action which 
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Table 1. Metaphors for the properties of educational robotics
Metaphorical 
terms
Properties Examples of the properties
Phonology Appearance • visible appearance (e.g. size, shape, 
color, materials, texture)
• external functions (e.g. movement)
• produced sound (e.g. from moving 
components, tone)
Morphology Structure
Hardware
“body” 
• structure of the robot
• single components
• alternative combinations of the 
components
• interaction and dependencies between 
the components
Syntax Language
Software
“behavior”
• functions
• rules for constructing of the functions
• constructing of functions
• interpreting of functions
• changing of functions
• manipulated by programming in a 
graphical and graspable user interfaces
• manipulated by shaping behavior e.g. 
by presenting social cues
Semantics Meaning
Behavior
“mind”
• meaning of educational robotics
• the learning objectives
• gained interaction between educational 
robotics and children
• based on phonology, morphology and 
syntax
• emerge through children’s playful 
action with educational robotics
Phonology  (which refers to the sounds of language in 
theoretical linguistics) means the appearance of the robot including 
its visible appearance (e.g. size, shape, color, materials, texture), 
external functions (e.g. movement) and produced sound (e.g. 
from the moving components, tone). Phonology refers to the 
Þrst impression that a robot provides to children and that 
children receive form the robot. 
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Morphology (which refers to the structure of language in 
theoretical linguistics) means the structure of the robot, its single 
components, alternative combinations of the components and 
interaction and dependencies between the components. 
Morphology is equal to the hardware of the robot and it deÞnes 
options for structure manipulation. Therefore, morphology 
determines whether it is a modiÞable or unchangeable robot. 
Syntax (which refers to the construction of language in 
theoretical linguistics) refers to the functions and particularly the 
rules for constructing functions that take place in the software of 
the robot. In this study, syntax refers to options for function 
manipulation meaning possibilities for constructing of 
functions, the interpreting of functions and the changing of 
functions. Syntax is manipulated by using different means of 
manipulation. Typically, a graphical user interface for 
programming is used for robotics kits, a graspable user interface 
for construction kits and verbal (i.e. spoken words) and non-
verbal language (e.g. social cues) for social robots (Breazeal, 
2003). 
Semantics (which refers to the meaning of language in 
theoretical linguistics) refers to the representation and meaning 
of educational robotics that emerge in the action environment of 
the robot and children. As I stated earlier, research literature 
discusses the meaning of the educational robotics mainly 
through the learning objectives and gained interaction between 
educational robotics and children. In this study, the meaning of 
educational robotics is constructed based on phonology, 
morphology and syntax and emerges through the children’s 
playful action with educational robotics. 
The analysis suggests a possible two-way approach when 
working with educational robotics. On the one hand work can 
commence with an idea of the robot (semantics). Then one 
speculates as to the robot’s functions (syntax) followed by 
notions regarding its structure (morphology) and at last one 
considers the appearance of the robot (phonology). On the other 
hand, the work with educational robotics can begin without pre-
suppositions regarding the meaning of the robot when an 
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working with educational robotics. On the one hand work can 
commence with an idea of the robot (semantics). Then one 
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appearance of the robot starts to deÞne working with it 
(phonology). Then the work is directed via observations or the 
combining of single components (morphology) which is then 
followed by creating or observing functions (syntax). In this 
bottom-up approach, the meaning (semantics) of the robot in the 
end arises from playful actions with it.
Table   2 presents the ways in which the properties of 
educational robotics were implemented in different types of 
educational robotics which are dealt with in this literature 
review and study. It also reßects on different standpoints as 
regards conceptual, technical and pedagogical design.
Table 2. Properties of three types of educational robotics
Robotics kit Construction kit Social robot
Examples LEGO Mindstorms, 
VEX robotics, 
ELEKIT, Nexus 
robots, Arduino 
robot system, Ollo 
Explorer Robot kit.
Topobo, I-BLOCK, 
Electronic Block.
RUBI, QRIO, 
Keepon, 
Paro, Huggable, 
Robovie, Kaspar, 
Robota,KindSAR.
Robotic 
features
Actuators, 
effectors, sensors.
Actuators, 
effectors, sensors.
Actuators, 
effectors, sensors, 
artificial 
intelligence / 
machine learning.
Phonology Technically 
featured plastic 
building blocks 
with different 
sizes, shapes and 
colors. Completed 
artifact requires 
dozens of building 
blocks. 
Toy-like featured 
often plastic 
building blocks 
with different 
sizes, shapes and 
colors. Completed 
artifact requires 
few building 
blocks. 
Autonomous figure 
with functional 
limbs and/or body 
parts. Appearance 
differs from 
technical / robotic 
to soft toy. 
Produces sounds.
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Morphology Modifiable robot 
artifacts. 
Phonology of 
building blocks 
defines rules of 
construction. 
Multitudinous 
options to unite 
bricks and 
components. 
Focus on the 
model robots 
based on step-by-
step instructions.
Self-designed 
models are also 
possible to 
construct.
Modifiable robotic 
artifacts. 
Phonology of 
building blocks 
defines rules of 
construction. 
Multitudinous 
options to unite 
bricks and 
components. 
Focus on self-
designed artifacts. 
Few instructions 
available.
Ready-made, 
unchangeable 
robot artifact with 
given components. 
Very limited 
structure 
manipulation, if at 
all. Components 
can be explored 
and observed 
based on 
phonology.
Syntax Extensive function 
manipulation by 
programming on 
Graphical User 
Interface (GUI). 
Creating and 
changing of the 
functions is 
possible for 
children.
Extensive function 
manipulation by 
programming / 
movement 
recording / 
building on 
tangible user 
interface (TUI). 
Creating and 
changing of the 
functions is 
possible for 
children.
Limited function 
manipulation of 
the robot artifact 
by users. 
Communication 
with a robot 
through taking 
advantage of 
phonological and 
morphological 
features (non-
verbal) and 
spoken language 
(verbal). 
Interpreting of the 
functions through 
robot’s actions is 
possible for 
children. 
Semantics
(in 
education)
E.G., subject 
related knowledge, 
STEM, 
programming, 
problem solving, 
social skills, 
collaboration.
E.G., subject 
related knowledge, 
STEM concepts, 
language and 
storytelling, 
familiarizing with 
technology, 
programming.
E.G., language
assistant in the 
classroom, 
interaction, 
communication, 
social skills, 
edutainment. 
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The analysis of educational robotics indicated that they 
provide different processes to children for achieving the 
learning objectives that the researchers and educators have set 
for the learning. The main difference is between robotics and 
construction kits and social robots, particularly as regards 
possibilities for manipulation, which informs the different 
assumptions of learning (also Lowyck, 2014). Robotics and 
construction kits are based on the construction of knowledge, 
which is a reason for providing wide opportunities to modify 
the robots. Social robots are grounded in social relationships and 
are implemented for imitation-oriented and apprenticeship 
learning. Processes for achieving the learning goals are therefore 
based on different pedagogical standpoints and technological 
implementations. 
Three types of educational robotics highlight the different 
roles of children as actors with educational robotics. I analyzed 
educational robotics based on these standpoints and generated 
two dimensions and four categories that represent different 
technological and pedagogical standpoints for educational 
robotics (Figure  13). As a result, I deÞned the dimension of 
technology-led action and the child-led action that described the 
pedagogical aspect and constructed and autonomous robot artifacts 
that described educational robotics from technological 
perspectives. Educational robotics in this study takes positions 
on these dimensions. From the combinations of the dimensions, 
four orientations for educational robotics can be derived and 
they are implementation process driven action regarding robotics 
kits, design process driven action regarding construction kits and 
robot-driven action regarding social robots. The fourth 
orientation, encounter-driven action, is a suggestion for future 
work in educational robotics.
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Figure 13. Categorization of educational robotics
Technology-led action is realized with social robots that 
represent state-of-the-art technology in education. Social robots 
have been developed with the objective of improving artiÞcial 
intelligence and human-robot interaction. This standpoint 
emphasizes technical development before pedagogical design 
and the application of advanced technologies into education. 
Learning with social robots is often based on the classical 
conception of learning that emphasizes children’s action as 
imitators and recipients and which stresses learning by 
apprenticeship with the robot. Apprenticeship learning from a 
social robot deÞnes action with the social robot as technology-
led action and children as observers and imitators of educational 
robotics. 
Technology-led action is realized with robotics kits, 
particularly when children conduct pre-deÞned robot 
constructions and programming tasks from a model. Even 
though children can build various robot artifacts from robotics 
kits, they often build them from instructions. This rather makes 
the children recipients of educational robotics as opposed to 
creators of educational robotics, which make their action led by 
technology and the role of children as users of educational 
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robotics. The consideration of children’s action as technology-led 
when dealing with robotics kits is most likely against the 
general assumption about robotics kits which are seen as a tool 
for creating and thus requires a supporting notion. Children’s 
role as recipients with educational robotics is supported by 
Resnick (2007) who extended his criticism towards edutainment. 
As models for robot artifacts are pre-deÞned in instruction 
booklets and online instructions, edutainment means services 
that are provided to children by someone else. When 
educational robot artifacts or edutainment are facilitated by 
someone else than the children themselves, they do not allow 
children to create technical artifacts but to replicate artifacts. To 
also meet present-day pedagogical requirements for learning, 
educational robotics should be used in education as a tool for 
learning with, from and about educational robotics by 
implementing active, constructive, intentional, authentic and 
cooperative learning manners (Jonassen, Howland, Moore, & 
Marra, 2003, p. 6, 12; Pitti, Curto, Moreno, & Rodriguez, 2013) 
and raising learners’ engagement (Niemi & Multisilta, 2014; 
Mishra, Cain, Sawaya, & Henriksen, 2013).
Child-led action with educational robotics is realized more 
explicitly with construction kits that allow children to create 
constructions relatively freely without speciÞcations. Action is 
strongly open-ended as the children design and implement their 
artifacts themselves. With the use of construction kits children 
can be seen as the creators of artifacts, which result in the action 
being led by the children. 
The future trends of educational robotics could be 
transparent and based on the combination of the robotics kits, 
construction kits and social robots, whilst focusing on 
encounter-driven orientation in implementation. 
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3. Research questions and 
methodology
3.1. RESEARCH QUESTIONS
The study aimed at generating a substantive theory regarding 
the encounters between educational robotics and children. The 
research task aimed at conceptualizing children’s actions with 
educational robotics, which was then used towards 
understanding children’s processes with educational robotics to 
thus explain the very core of the encounters. In order to keep the 
standpoints of the study free from prejudice and in an effort to 
let the data show the nature of these encounters, I guided the 
generation of the substantive with the following questions: 
1) What kinds of encounters took place between the educational 
robotics and the children? 2) What kinds of working processes 
were noted in the interaction between educational robotics and 
children? 3) What kinds of elements shaped these encounters? 
The Þrst question was aimed at investigating educational 
robotics through childrenÕs actions with it. It identiÞed 
children’s actions with educational robotics and examined the 
different types of the encounters. The second question elaborated 
upon the encounters and analyzed the elements that shaped and 
changed encounters thus making educational robotics a set of 
different representations to children. The third question was 
aimed at capturing the essence of the encounters.
3.2. GROUNDED THEORY AS A RESEARCH METHOD
The methodological choices guiding this study arose from the 
research task, gaps in the research practices in the Þeld and my 
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personal research interests regarding the investigation of 
educational robotics in authentic educational environments. In 
the different research and development environments which 
apply educational robotics to children’s education, I 
encountered important questions: What precisely in robotics 
makes children learn?  and What features evoke such an 
interaction that it promotes children’s motivation to work with 
robots? These questions also featured in many of the research 
articles on educational robotics, if not as a main results then as a 
topic to be discussed and taken into account in the research and 
development work.
Research on the use of robotics kits and construction kits in 
education have so far focused on applied Þeld studies and case 
studies. Research has addressed the potential and varied 
purposes in the use of educational robotics which include: 
studying engineering, math, physics and programming (e.g. 
Resnick et al., 2000; Rafße et al., 2007; Parkes et al., 2008; Barak 
& Zadok, 2009; Wyeth, 2008); stimulating cognitive skills, 
creativity and problem-solving (e.g. Wyeth & Purchase, 2001; 
Lund et al., 2004; Wyeth, 2006; Mioduser, Levy, & Talis, 2009; 
Lindth & Hogerson, 2007; Lewis, 2008); fostering collaborative 
learning and social interaction (e.g. Denis & Hubert, 2001; 
LeGoff, 2004; LeGoff & Sherman, 2006) and learning strategies 
(e.g. Price et al., 2003). This kind of research has strongly focused 
on either the engineering of products in the beginning or on the 
evaluation of the developed products in the end. This process 
has led to the exclusion of investigations on children’s actual 
and long-term use of technologies and their understanding of 
and general preferences towards the use of said technologies 
(Jensen & Skov, 2005).
Research on social robots in education has often been 
conducted in the form of laboratory and Þeld experiments. 
Results have addressed different learning outcomes and 
described different levels of interaction with robots. Regarding 
methodological questions, it has been observed that laboratory 
settings produce data that does not always apply to everyday 
life environments in which robots are supposed to operate 
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(Kanda, et al., 2007; Tanaka et al., 2006; Michalowski & Kozima, 
2007). The shift from laboratory settings to daily life 
environments has, however, been experienced as 
methodologically challenging as a result of the unconstrained 
nature inherent to everyday life. Therefore, it has been 
suggested that the conducting of research activities should be 
shifted into natural settings by means of solving complex 
problems in the controlled conditions of laboratory 
environments, solving simpler problems in the uncontrolled 
conditions of daily life and making progress by combining Þeld 
studies and targeted laboratory experiments (Movellan et al., 
2007). 
Current research in the Þeld of educational robotics indicate 
the need for investigating the working process of children with 
educational robotics and conducting research in an authentic 
environment in order to provide an understanding of both the 
use of educational robotics and the needs and requirements of 
children. So far, research which has been aimed at investigating 
children’s use of technology and which has further investigated 
reasons beyond the differences, has focused on the interaction 
between children and technologies and children’s experiences 
and understanding of robotics (e.g. Woods, 2006; Xie et al., 2008; 
Levy & Mioduser, 2008; Bernstein & Crowley, 2008). In this kind 
of research the focus has been on educational robotics as a 
medium, thus excluding the examination of children’s working 
processes outside the study. Deeper understanding of what 
happens between educational robotics and children, from the 
viewpoints of children and robotics would, however, support 
the development of new products and educational practices and 
thus promote the use of robotics for education.
In my study I seized and wrestled with the challenges of 
understanding and, as a result, deÞned the exploration of those 
encounters between educational robotics and children as the 
purpose of this research. I focused on children’s working 
processes with educational robotics in actual learning 
environments to ascertain, through their actions, which 
properties of different educational robotics make it a promoter 
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of research the focus has been on educational robotics as a 
medium, thus excluding the examination of children’s working 
processes outside the study. Deeper understanding of what 
happens between educational robotics and children, from the 
viewpoints of children and robotics would, however, support 
the development of new products and educational practices and 
thus promote the use of robotics for education.
In my study I seized and wrestled with the challenges of 
understanding and, as a result, deÞned the exploration of those 
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purpose of this research. I focused on children’s working 
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environments to ascertain, through their actions, which 
properties of different educational robotics make it a promoter 
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or, alternatively, a preventer to children’s action. Answering the 
research questions was made possible through the qualitative 
research approach which is described by Denzin and Lincoln 
(2005, p. 3) in the following way:
"Qualitative research is situated activity that locates 
the observer in the world. It consists of a set of 
interpretive, material practices that make the world 
visible. These practices transform the world. They 
turn the world into series of representations, 
including Þeld notes, interviews, conversations, 
photographs, recordings, and memos to the self. At 
this level, qualitative research involves an 
interpretive, naturalistic approach to the world. This 
means that qualitative researchers study things in 
their natural settings, attempting to make sense of, or 
interpret, phenomena in terms of the meaning people 
to bring to them."
Exploring encounters between educational robotics and 
children as a research task created a general framework for the 
qualitative research. The research questions framed the study 
and set the stance for focusing the research on encounters from 
the viewpoint of educational robotics. Still, what these 
encounters really entail remains an open question and is 
commonly discussed, also in the Þeld of child-computer 
interaction (Antle, 2013). 
Approaching the phenomena of encounters required a 
method that enabled exploring, understanding and deÞning it 
and framing the domain around it. Framing the research with a 
theory seemed inappropriate because theories might predeÞne, 
and so limit, that which could be discovered regarding the 
quality of the encounters. In addition, the lack of conÞrmed 
theories on encounters between educational robotics and 
children supported the rejection of a theory-directed research 
study and strengthened the choice towards a data-directed 
research approach instead. The data-directed research approach 
enabled the exploration and understanding of the phenomena of 
encounters in authentic situations which could not be predicted 
beforehand (or reproduce afterwards as similar and authentic 
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events) as they happened in real educational environments. The 
investigation of the phenomena required a method that allowed 
for the conceptualizing of single incidents, constructing a 
general understanding about encounters and outlining 
processes in encounters. I found Grounded Theory (GT) to be 
appropriate for this research purpose.
Grounded Theory, developed by Barney G. Glaser and 
Anselm L. Strauss in the 1960s, is one of the inductive research 
approaches in social sciences (Glaser & Strauss, 1974). GT refers 
to the method of inquiry and its resulting theory and was 
developed for investigating human social interaction and for 
describing individual experiences and meanings in interaction 
(Charmaz, 2005, p. 507). The method was also created for 
conducting systematic inductive research as a reaction against 
the dominant research traditions at that time. The original work 
of Glaser and Strauss diverged and their different viewpoints on 
GT research resulted in a debate. Different ontological and 
epistemological foundations as held by Glaser and Strauss, 
supposedly due to their individual educational backgrounds 
(Glaser associating with quantitative methods and analytic 
induction whilst Strauss aligning with symbolic interaction and 
the Chicago School) (Bryant & Charmaz, 2007, pp. 31–36), 
culminated in methodological practices evoking differing rules 
for research namely Glaserian GT and Straussian GT (Strauss, 
1987; Strauss & Corbin, 1990, 1998). Different ontological and 
epistemological foundations and interpretations of Glaserian GT 
(GGT) and Straussian GT (SGT), together with the social 
constructivist shift in the epistemology of social sciences and the 
integration of methodological developments, later also 
generated other interpretations of GT, namely Constructivist GT 
(historical perspective for constructivist GT described by Bryant 
& Charmaz, 2007, pp. 36–41; Charmaz, 2005, pp. 507–535) that 
Glaser has however criticized (Glaser, 2002). 
The different ontological and epistemological standpoints of 
GGT and SGT demand that a researcher choose which school of 
GT thought to follow in a study. I present the key elements of 
Glaserian and Straussian GT next by illustrating the concepts of 
Research questions and methodology
! Dissertations in Forestry and Natural Sciences No 169! 53
or, alternatively, a preventer to children’s action. Answering the 
research questions was made possible through the qualitative 
research approach which is described by Denzin and Lincoln 
(2005, p. 3) in the following way:
"Qualitative research is situated activity that locates 
the observer in the world. It consists of a set of 
interpretive, material practices that make the world 
visible. These practices transform the world. They 
turn the world into series of representations, 
including Þeld notes, interviews, conversations, 
photographs, recordings, and memos to the self. At 
this level, qualitative research involves an 
interpretive, naturalistic approach to the world. This 
means that qualitative researchers study things in 
their natural settings, attempting to make sense of, or 
interpret, phenomena in terms of the meaning people 
to bring to them."
Exploring encounters between educational robotics and 
children as a research task created a general framework for the 
qualitative research. The research questions framed the study 
and set the stance for focusing the research on encounters from 
the viewpoint of educational robotics. Still, what these 
encounters really entail remains an open question and is 
commonly discussed, also in the Þeld of child-computer 
interaction (Antle, 2013). 
Approaching the phenomena of encounters required a 
method that enabled exploring, understanding and deÞning it 
and framing the domain around it. Framing the research with a 
theory seemed inappropriate because theories might predeÞne, 
and so limit, that which could be discovered regarding the 
quality of the encounters. In addition, the lack of conÞrmed 
theories on encounters between educational robotics and 
children supported the rejection of a theory-directed research 
study and strengthened the choice towards a data-directed 
research approach instead. The data-directed research approach 
enabled the exploration and understanding of the phenomena of 
encounters in authentic situations which could not be predicted 
beforehand (or reproduce afterwards as similar and authentic 
Marjo Virnes: Four Seasons of Educational Robotics
! 52! Dissertations in Forestry and Natural Sciences No 169
events) as they happened in real educational environments. The 
investigation of the phenomena required a method that allowed 
for the conceptualizing of single incidents, constructing a 
general understanding about encounters and outlining 
processes in encounters. I found Grounded Theory (GT) to be 
appropriate for this research purpose.
Grounded Theory, developed by Barney G. Glaser and 
Anselm L. Strauss in the 1960s, is one of the inductive research 
approaches in social sciences (Glaser & Strauss, 1974). GT refers 
to the method of inquiry and its resulting theory and was 
developed for investigating human social interaction and for 
describing individual experiences and meanings in interaction 
(Charmaz, 2005, p. 507). The method was also created for 
conducting systematic inductive research as a reaction against 
the dominant research traditions at that time. The original work 
of Glaser and Strauss diverged and their different viewpoints on 
GT research resulted in a debate. Different ontological and 
epistemological foundations as held by Glaser and Strauss, 
supposedly due to their individual educational backgrounds 
(Glaser associating with quantitative methods and analytic 
induction whilst Strauss aligning with symbolic interaction and 
the Chicago School) (Bryant & Charmaz, 2007, pp. 31–36), 
culminated in methodological practices evoking differing rules 
for research namely Glaserian GT and Straussian GT (Strauss, 
1987; Strauss & Corbin, 1990, 1998). Different ontological and 
epistemological foundations and interpretations of Glaserian GT 
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(historical perspective for constructivist GT described by Bryant 
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Glaser has however criticized (Glaser, 2002). 
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GGT and SGT demand that a researcher choose which school of 
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GT on a general level and describing their use in this study 
(more elaborated upon in the sub-chapter Data Analysis). One of 
the basic standpoints is a constant comparative method that 
consists of several iterative stages of research. The other 
methodology-related concepts of GT, that are essential to 
understanding the method, relate to data, coding process and 
coding techniques, theoretical sampling, theoretical saturation and 
theory  (Matavire & Brown, 2008; van Niekerk & Roode, 2009; 
Strauss & Corbin 1998, Bogdan & Biklen, 2007, Bryant & 
Charmaz, 2007).
GT is a method of conducting inquiry that creates conceptual 
frameworks or theories through analysis of systematically 
collected data from large initial samples. There are several 
possibilities for the systematic data collection including, for 
instance, video data and interviews. The Glaserian and 
Straussian understanding of GT both emphasize different issues 
regarding the data collection. When Glaser stated ”all is data”, 
he literally meant it. The statement means that there is no 
biased, subjective, objective or misinterpreted data, but that all 
the data at the research scene is the data that forms a theory. 
SGT is more open to and aware of the researcher’s personal 
interest, culture and education which all affect his/her 
interpretations at the research scene. As for the data, according 
to Glaser it can be quantitative and qualitative and still produce 
qualitative outcomes. The only pre-condition to this kind of 
qualitative analysis is that Þndings cannot be arrived at through 
statistical methods. Strauss does not separate qualitative 
analysis and qualitative research from each other, but deÞnes GT 
as qualitative research that derives Þndings from qualitative 
data through the use of qualitative methods (van Niekerk & 
Roode, 2009).
SGT and GGT differ on several elements regarding the start 
of the research process. For example, GGT does not advise one 
to read literature as it may result in pre-conceptions, whereas 
SGT allows for descriptive reading at the beginning of the study 
(e.g. Kelle, 2007, pp. 202–203; van Niekerk & Roode, 2009). GGT 
suggests that researchers start the study without formulating 
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research questions and urges them to question what the data of 
study really is. SGT suggests formulating a research question 
(that is a statement about the phenomenon) and to then ask 
questions about the data in order to immerse oneself further in 
the analysis, further than the incident under investigation 
would suggest by itself (van Niekerk & Roode, 2009).
Compared to most other research methods, GT involves the 
researcher in data analysis while collecting data. The 
overlapping of data collection and analysis is one of the features 
of GT which distinguishes it from many other research methods 
(Bryant & Charmaz, 2007, p. 608; Martikainen & Haverinen, 
2004, pp. 133–157). One major difference between the Glaserian 
and Straussian analysis of GT relates to the coding process. GGT 
stands for analytic induction, whereas SGT is founded on the 
inductive and deductive process of analysis that opens the 
emerging substantive theory via distinguishable phases. In 
practice, this means different coding techniques: the use of open 
coding, developing of categories, emerging of the core category 
and selective coding in GGT, and open coding, axial coding, 
selective coding and selecting a core category in SGT 
respectively. 
GT analysis aims towards recognizing and constructing 
concepts and dependencies between concepts that deÞne the 
phenomena. The aim is to produce analysis over description, 
fresh categories over pre-conceived ideas and existent theories 
(Kelle, 2007, p. 193).
Throughout the study, starting with the data collection and 
continuing to the Þnal stages of analysis, the process of constant 
comparison is in effect. Corbin and Strauss (2008, p. 73) describe 
the constant comparison method  as a constant comparison of 
incidents with incidents in order to classify the data. Incidents 
are compared to other incidents in a quest to identify similarities 
and differences. Conceptually similar incidents are grouped 
together under a higher-level descriptive concept. The process 
allows for the differentiating of concepts from each other and 
the identiÞcation of the properties and dimensions of concepts 
(Corbin & Strauss, 2008, p. 73). GGT and SGT have some 
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stands for analytic induction, whereas SGT is founded on the 
inductive and deductive process of analysis that opens the 
emerging substantive theory via distinguishable phases. In 
practice, this means different coding techniques: the use of open 
coding, developing of categories, emerging of the core category 
and selective coding in GGT, and open coding, axial coding, 
selective coding and selecting a core category in SGT 
respectively. 
GT analysis aims towards recognizing and constructing 
concepts and dependencies between concepts that deÞne the 
phenomena. The aim is to produce analysis over description, 
fresh categories over pre-conceived ideas and existent theories 
(Kelle, 2007, p. 193).
Throughout the study, starting with the data collection and 
continuing to the Þnal stages of analysis, the process of constant 
comparison is in effect. Corbin and Strauss (2008, p. 73) describe 
the constant comparison method  as a constant comparison of 
incidents with incidents in order to classify the data. Incidents 
are compared to other incidents in a quest to identify similarities 
and differences. Conceptually similar incidents are grouped 
together under a higher-level descriptive concept. The process 
allows for the differentiating of concepts from each other and 
the identiÞcation of the properties and dimensions of concepts 
(Corbin & Strauss, 2008, p. 73). GGT and SGT have some 
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different viewpoints regarding the acceptable methods for 
conducting constant comparison. GGT that worries on the 
forcing of the data denies the use of tools for analysis. SGT, 
instead, provides tools such as a conditional matrix that can be 
used to support the analysis and emergence of the phenomena 
from the data. 
A researcher is required to make decisions as to what data to 
collect and where to collect it in order to develop a theory. 
Theoretical sampling means sampling directed by a theory and 
it is a tool used in theoretical exploration for generating a theory 
(not for conÞrming or investigating cases) (Dey, 2007, p. 186; (as 
cited in Holton, 2007, p. 278; Bryant & Charmaz, 2007, p. 611; 
van Niekerk & Roode, 2009; Matavire & Brown, 2008). GGT and 
SGT approach theoretical sampling from different perspectives. 
Glaser emphasizes the need for the emergence of theory in 
theoretical sampling, which means that samples cannot be 
deÞned in advance. Strauss relies on sampling based upon 
relevant research questions in each phase of coding.
Researchers term the phase, when there is no need for the 
further collecting of data, as data saturation. This is termed as 
theoretical saturation in a GT study. Theoretical saturation is the 
point at which further data collection and analysis becomes 
redundant (Bogdan & Biklen, 2007, pp. 70Ð72). The decision for 
Þnishing the data collection and analysis is however seldom 
unambiguous. GGT and SGT hold different viewpoints 
regarding closure: GGT stops data collection when no new 
incidents are found in the data. SGT is more complex in this 
regard since a researcher could continue asking questions on the 
data inÞnitely. The basic rule is, however, to Þt all the data in 
some category or a causal mode and then Þnd gaps in the data 
to be saturated with additional data. This process is repeated as 
long as all the data supports the developing theory (van Niekerk 
& Roode, 2009).
As a Þnal stage, the GT method aims to create a generalized 
theory that is directly grounded  in the data. Differences between 
GGT and SGT emerge in the understanding of what precisely 
that theory is. According to GGT, only a formative theory is a 
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product of GT, whereas SGT accepts subjective theories together 
with formative theories as the product of GT. Differences 
between subjective and formative theories culminate in the 
questions of whether these theories should be tested. Glaserian 
GT sees the theory as a formative without the need for 
hypothesis, whereas Straussian GT sees subjective theories in 
their particular context and encourages testing them in many 
other contexts in order to gain theoretical saturation. Table  3 
presents the common understanding of and the main differences 
between Straussian GT and Glaserian GT.
Table 3. Main features of Straussian and Glaserian GT
Feature GGT SGT
Shared understanding Conducting inquiry that creates conceptual 
frameworks or theories through analysis from the 
systematically collected data over large initial 
samples.
Main debate Emergence vs. forcing
Theoretical principles Positivist approach, 
analytic induction
Symbolic interactionism, 
Chicago school
Research question No questions Research question as a 
statement about the 
phenomenon to be 
studied; Asking questions 
about the data 
recommended in order to 
proceed with analysis.
Data All is data (including 
biased, objective, 
subjective and 
misinterpreted data), 
qualitative and 
quantitative data
Qualitative data e.g. from 
interviews, observations
Steps of analysis Open coding
Developing of categories
Emerging of core category
Selective coding
Open coding
Axial coding
Selective coding
Selecting core category
Literature Literature reading not 
recommended in order to 
avoid pre-conceptions
Descriptive reading 
allowed
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data inÞnitely. The basic rule is, however, to Þt all the data in 
some category or a causal mode and then Þnd gaps in the data 
to be saturated with additional data. This process is repeated as 
long as all the data supports the developing theory (van Niekerk 
& Roode, 2009).
As a Þnal stage, the GT method aims to create a generalized 
theory that is directly grounded  in the data. Differences between 
GGT and SGT emerge in the understanding of what precisely 
that theory is. According to GGT, only a formative theory is a 
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product of GT, whereas SGT accepts subjective theories together 
with formative theories as the product of GT. Differences 
between subjective and formative theories culminate in the 
questions of whether these theories should be tested. Glaserian 
GT sees the theory as a formative without the need for 
hypothesis, whereas Straussian GT sees subjective theories in 
their particular context and encourages testing them in many 
other contexts in order to gain theoretical saturation. Table  3 
presents the common understanding of and the main differences 
between Straussian GT and Glaserian GT.
Table 3. Main features of Straussian and Glaserian GT
Feature GGT SGT
Shared understanding Conducting inquiry that creates conceptual 
frameworks or theories through analysis from the 
systematically collected data over large initial 
samples.
Main debate Emergence vs. forcing
Theoretical principles Positivist approach, 
analytic induction
Symbolic interactionism, 
Chicago school
Research question No questions Research question as a 
statement about the 
phenomenon to be 
studied; Asking questions 
about the data 
recommended in order to 
proceed with analysis.
Data All is data (including 
biased, objective, 
subjective and 
misinterpreted data), 
qualitative and 
quantitative data
Qualitative data e.g. from 
interviews, observations
Steps of analysis Open coding
Developing of categories
Emerging of core category
Selective coding
Open coding
Axial coding
Selective coding
Selecting core category
Literature Literature reading not 
recommended in order to 
avoid pre-conceptions
Descriptive reading 
allowed
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Constant comparison 
method
Afraid of forcing Allows the use of tools 
(e.g. conditional matrix)
Theoretical sampling Emphasizes the needs of 
the emergent theory in 
theoretical sampling, 
which means that samples 
cannot be defined in 
advance
Relies sampling on 
relevant research 
questions in each phase 
of coding
Data saturation GGT stops the data 
collection when new 
incidents are not found 
the data
Complex since a 
researcher could continue 
to ask questions on the 
data indefinitely
Result Formative theory via 
qualitative analysis
Formative or substantive 
theory from qualitative 
data by qualitative 
methods
GT has rarely been used systematically in research on 
technologies and educational technology which have mainly 
focused qualitative research on evaluative and descriptive 
studies about the use of media in the classroom, case studies to 
learn more about the experiences of students and teachers who 
use a new technology and front-end analysis and evaluation 
phases during the development of technologies (e.g. Savenye & 
Robinson, 2004, pp. 1045–1071; Jonassen, 2004; Jensen & Skov, 
2005). Some features of GT analysis (those which do not aim at 
developing a theory) may have been used but this, however, 
does not qualify a study as a GT research, but more of a 
qualitative content analysis. GT has been applied to research on 
information systems phenomena (e.g. Urquhart, 2007; Matavire 
& Brown, 2008) and it has showed its suitability for the 
technology domain. Research on the integration of technology, 
people and processes as well as the conceptualizing of 
technologies, as a product and medium of human action, are all 
examples of the themes that justify the use of GT.
In my study, the choice to follow the SGT was appropriate for 
several reasons. The reading of descriptive literature and the 
framing of the study with research questions were essential 
criteria to this PhD study. SGT also accepted and was aware that 
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the researcher’s background impacted upon interpretations. 
With my experience in the Þeld, conducting the study with an 
empty mind as GGT expects, would have been near impossible. 
SGT also allowed the use of existing concepts to describe the 
phenomenon which in this case were encounters and their 
related processes in this study. In this case, the use of existing 
concepts did not force but helped to describe the emerging 
processes in a new way. Another reason for choosing SGT was 
that the research process enabled the phased development of the 
substantive theory on encounters, wherein the use of 
categorization and the seeking of dimensions from the data were 
useful tools and induction a necessary strategy for reasoning.
3.3. ORGANIZING THE STUDY
The chosen research design was a multi-platformed study that 
examined three types of educational robotics with three different 
groups of children in three different educational settings 
conducted at one site at a time (Figure 14). 
I selected different platforms, which I will refer to as research 
environments from now on, to highlight variations in encounters 
between educational robotics and children and to provide 
extensive data for the generating of the substantive theory. The 
research design was not complete at the beginning of the study 
but the richness of the study evolved as the analyses continued. 
Initially, the different technical designs of educational robotics 
were the main consideration which directed sampling. The 
second consideration was heterogeneous groups of children and 
educational contexts, which I expected to result in more varied 
aspects in the encounters themselves and the properties of 
educational robotics than would have been possible with a 
single or homogeneous group of children. In that sense, 
choosing these particular research environments was a 
conscious choice. Since children came from actual groups of 
children at a school for children with special needs, 
kindergarten and early childhood education, they represented a 
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qualitative content analysis. GT has been applied to research on 
information systems phenomena (e.g. Urquhart, 2007; Matavire 
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technologies, as a product and medium of human action, are all 
examples of the themes that justify the use of GT.
In my study, the choice to follow the SGT was appropriate for 
several reasons. The reading of descriptive literature and the 
framing of the study with research questions were essential 
criteria to this PhD study. SGT also accepted and was aware that 
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the researcher’s background impacted upon interpretations. 
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empty mind as GGT expects, would have been near impossible. 
SGT also allowed the use of existing concepts to describe the 
phenomenon which in this case were encounters and their 
related processes in this study. In this case, the use of existing 
concepts did not force but helped to describe the emerging 
processes in a new way. Another reason for choosing SGT was 
that the research process enabled the phased development of the 
substantive theory on encounters, wherein the use of 
categorization and the seeking of dimensions from the data were 
useful tools and induction a necessary strategy for reasoning.
3.3. ORGANIZING THE STUDY
The chosen research design was a multi-platformed study that 
examined three types of educational robotics with three different 
groups of children in three different educational settings 
conducted at one site at a time (Figure 14). 
I selected different platforms, which I will refer to as research 
environments from now on, to highlight variations in encounters 
between educational robotics and children and to provide 
extensive data for the generating of the substantive theory. The 
research design was not complete at the beginning of the study 
but the richness of the study evolved as the analyses continued. 
Initially, the different technical designs of educational robotics 
were the main consideration which directed sampling. The 
second consideration was heterogeneous groups of children and 
educational contexts, which I expected to result in more varied 
aspects in the encounters themselves and the properties of 
educational robotics than would have been possible with a 
single or homogeneous group of children. In that sense, 
choosing these particular research environments was a 
conscious choice. Since children came from actual groups of 
children at a school for children with special needs, 
kindergarten and early childhood education, they represented a 
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cross-section of the strengths and disabilities that are typical of 
any learning environment. The combination of the research 
environments illustrated the range of settings and subjects to 
which research Þndings could be applicable (Bogdan & Biklen, 
2007, pp. 69Ð72).
Figure 14. Research environments and phases of the GT analysis
RESEARCH 
ENVIRONMENT PHASE OF GT ANALYSIS
LEGO® Mindstorms® 
NXT in elementary 
special education
TOPOBO 
in kindergarten
RUBI
in early childhood 
education
Open coding, preliminary axial coding
Purposive sampling: construction kits
Purposeful sampling: social robot
Open and axial coding
Review on social robots in education
Review on robotics for education
Axial coding and selective coding 
Open coding, preliminary axial coding
Theoretical saturation, selecting core categories
Substantive grounded theory on encounters 
between educational robotics and children
Prior knowledge on educational robotics
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I conducted the initial stages of the study by documenting 
children’s action with educational robotics through videotaping 
them in their research environments. The Þrst two research 
environments belonged to the Technologies for Children with 
Individual Needs Project10  of the University of Joensuu11, 
Finland. The third research environment belonged to the 
University of California San Diego where researchers and I 
conducted sessions with the RUBI robot and children. In this 
context it is essential to note that my research task and the 
research questions guiding this study were not the necessarily 
the same goal of the research projects which conducted other 
research activities in the above-mentioned research 
environments (published results e.g. Kärnä-Lin, Pihlainen-
Bednarik, Sutinen & Virnes, 2006, 2007; Virnes, Sutinen, Kärnä-
Lin, 2008). I gradually generated my own research task and 
questions after completing the workshops and sessions in their 
original contexts. 
Applying educational robotics in educational settings which 
rarely use robotics as a medium for learning served as a bridge 
amongst all three research environments. The gradual process 
which guided the formulation of this study started from 
technology workshops with LEGO® Mindstorms® NXT (LEGO 
NXT) in elementary special education with children who have 
special needs in the school year of 2006–2007. The research 
environment provided a rich starting point for the study, when 
the children with special needs presumable emerged incidents 
that otherwise may have not appeared. After sketching the Þrst 
categories obtained from the data, I observed the need for 
enriching the content of the categories. I added data for analysis 
from the research environment in which different educational 
robotics were used. I expected that construction kits would 
provide new properties and dimensions to these encounters.
The second research environment employed Topobo in 
kindergarten in the spring semester of 2007. Different 
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10  Technologies for children with individual needs project, July 1, 2005 – 
August 31, 2007, funded by the European social fund (ISLH-2005-01363/Ha-7)
11 University of Eastern Finland since January 1, 2010
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I conducted the initial stages of the study by documenting 
children’s action with educational robotics through videotaping 
them in their research environments. The Þrst two research 
environments belonged to the Technologies for Children with 
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environments (published results e.g. Kärnä-Lin, Pihlainen-
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questions after completing the workshops and sessions in their 
original contexts. 
Applying educational robotics in educational settings which 
rarely use robotics as a medium for learning served as a bridge 
amongst all three research environments. The gradual process 
which guided the formulation of this study started from 
technology workshops with LEGO® Mindstorms® NXT (LEGO 
NXT) in elementary special education with children who have 
special needs in the school year of 2006–2007. The research 
environment provided a rich starting point for the study, when 
the children with special needs presumable emerged incidents 
that otherwise may have not appeared. After sketching the Þrst 
categories obtained from the data, I observed the need for 
enriching the content of the categories. I added data for analysis 
from the research environment in which different educational 
robotics were used. I expected that construction kits would 
provide new properties and dimensions to these encounters.
The second research environment employed Topobo in 
kindergarten in the spring semester of 2007. Different 
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educational robotics and a different group of children emerged 
and this led to a variation in working processes. The Þrst two 
research environments unlocked the diversity of dynamic and 
constructed educational robotics, but left open possibilities to 
develop a theory to other contexts. In order to saturate the 
theory, I added the data gained from the use of completely 
different educational robotics to the analysis. 
The third research environment was the social robot RUBI in 
early childhood education where sessions with children and the 
robot were conducted in the spring of 2008. In the research 
environment, with the use of the social robot RUBI, there 
emerged for example the impact of children’s individual 
interests in educational robotics and this infused the analysis 
with new properties to analysis. 
I did not aim to study the action of children with educational 
robotics by considering the children as individuals but rather 
focused on their actions in their learning environments. 
Therefore, I centered the study on investigating the variations in 
children’s actions with educational robotics which resulted in 
the drawing of a more general picture. The smoothing over of 
children’s individual characteristics during the analysis was 
thus done to aid this process. This is also the reason for using 
the term “child” and “children” in the reporting of the results, 
instead of identifying participants through the use of Þctitious 
names. Because the skills of an individual child were not the 
focus of this study, I did not investigate children’s special needs, 
skills and the level of their development. Gender based issues 
were also not relevant (and thus a comparison between boys 
and girls was redundant) and therefore I did not classify any 
part of the data based on the gender of the participant.
As qualitative studies based on the GT method suggest, I 
began exploring the literature while conducting the study. The 
purpose of the literature review was to frame the study and to 
present its position in the Þeld of sciences. The purpose was not 
to set a theoretical foundation or to deÞne relevant concepts for 
the study, but to present that which was already known and to 
assess where the knowledge gaps were. I also aimed to express 
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my awareness regarding the research foundations that may have 
had an inßuence on the interpretation of the research outcomes 
in the Þeld. Creating a theoretical background to frame the 
study was also my way to derive an elaborated research task 
and research questions.
My previous experience in the Þeld had introduced me to 
childrenÕs technology-oriented workshops with programmable 
construction kits (Jormanainen, KŠrnŠ-Lin, Lahti, Pihlainen-
Bednarik, Sutinen, Tarhio, & Virnes, 2007; Eronen, Jormanainen, 
Sutinen, & Virnes, 2005a; Eronen, Jormanainen, Sutinen, & 
Virnes, 2005b; Sutinen, Virmajoki-TyrvŠinen, & Virnes, 2005; 
Eronen, Sutinen, Vesisenaho, & Virnes, 2002a). In research 
environment one, which explored the use of LEGO Mindstorms 
in elementary special needs education, I focused on the overall 
understanding of ICT in education including the question of 
what kinds of technologies have been used for what kinds of 
purposes and in what kinds of education. According to the 
study framework I focused the review on educational robotics 
and proceeded to immerse myself in detailed studies regarding 
the use of robotics for education. I sketched two courses of 
robotics for the study: robots based on social interaction and 
robots based on construction and programming. 
After the second research environment, I reviewed robotics 
for education more extensively. While conducting research in 
research environment two, which explored the use of Topobo in 
the education of children aged 4 to 6, I enriched the review with 
theories and models of learning and with pedagogical practices 
within the domains of ICT and robotics. While the review began 
with the technical viewpoint, this second phase of the study 
ßeshed it out with educational standpoints. 
The research continued to the Þnal stages of a GT study after 
research activities in all three research environments had been 
completed. During and after the research had been conducted in 
research environment three, I extensively read up on technical 
implementation and the areas in which social robotics are 
applied. The third phase of the study with RUBI robot in early 
childhood education conÞrmed the focus of the study and 
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educational robotics and a different group of children emerged 
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research environments unlocked the diversity of dynamic and 
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were also not relevant (and thus a comparison between boys 
and girls was redundant) and therefore I did not classify any 
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As qualitative studies based on the GT method suggest, I 
began exploring the literature while conducting the study. The 
purpose of the literature review was to frame the study and to 
present its position in the Þeld of sciences. The purpose was not 
to set a theoretical foundation or to deÞne relevant concepts for 
the study, but to present that which was already known and to 
assess where the knowledge gaps were. I also aimed to express 
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what kinds of technologies have been used for what kinds of 
purposes and in what kinds of education. According to the 
study framework I focused the review on educational robotics 
and proceeded to immerse myself in detailed studies regarding 
the use of robotics for education. I sketched two courses of 
robotics for the study: robots based on social interaction and 
robots based on construction and programming. 
After the second research environment, I reviewed robotics 
for education more extensively. While conducting research in 
research environment two, which explored the use of Topobo in 
the education of children aged 4 to 6, I enriched the review with 
theories and models of learning and with pedagogical practices 
within the domains of ICT and robotics. While the review began 
with the technical viewpoint, this second phase of the study 
ßeshed it out with educational standpoints. 
The research continued to the Þnal stages of a GT study after 
research activities in all three research environments had been 
completed. During and after the research had been conducted in 
research environment three, I extensively read up on technical 
implementation and the areas in which social robotics are 
applied. The third phase of the study with RUBI robot in early 
childhood education conÞrmed the focus of the study and 
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reinforced research Þndings garnered from the two other 
environments. At this phase of the study I continued the 
literature review by exploring those texts which discussed the 
multiple dimensions of human-technology interaction and its 
impact on learning (e.g. Ackerman, 1996; Dourish, 2001; 
Norman, 2002, 2004; Turkle, 2005) as well as the types of 
interaction between children and robots through the 
manipulation of robotics (e.g. Ishii & Ullmer, 1997; Fishkin, 
Gujar, Harrison, Moran, & Want, 2000; Fishkin, 2004). I derived 
the deÞnition of robot and educational robot from Russell and 
NorvigÕs book (2003) about artiÞcial intelligence and robotics as 
an application area of it. Overall, I examined the Þeld based on 
the foundations of research on robotics, education and 
interaction in order to frame the study and indicate the research 
problem.
The integration of varied Þelds required a focusing of 
attention on different issues in the literature review. I used an 
iterative, multi-phased approach for collecting technical and 
educational data about the state of robotics for education. At 
Þrst I paid attention to the educational technology debate 
(which revolved around promises as well as successes and 
failures of technologies in education) and this opened up the 
research Þeld and highlighted relevant issues to the study. With 
regard to educational robotics I aimed to present types of 
robotics for education and elements of the successful use of 
robot technologies in education. The educational review focused 
on well-known theories and models of learning that have 
typically been used for technology-enhanced learning. 
Exploration of the educational foundations, which aim to 
support understanding about the nature of educational robotics 
as a learning tool, includes what subject matter robotics teach 
and what children learn from it. I was further inspired by the 
sketching of some principles extracted from human-computer 
interaction and by examining principles of tangible 
manipulation related to robotic features as outlined by the focus 
of the study coincidently with an analysis.
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3.4. DATA COLLECTION
Video data was the main source of data for this study, because it 
was rich, authentic and it enabled the analyzing of incidents 
after they had occurred (Derry, Pea, Barron, Engle, Erickson, 
Goldman, Sherin et al., 2010). In addition, the age of the 
youngest children, i.e. 15 months, required a data collection 
method that enabled data to be recorded without the children’s 
own active production of the data, such as drawings and 
interviews.
Videotaping took place in every research environment and 
was conducted as part of the data collection in each ongoing 
research project. In the Þrst research environment a research 
assistant videotaped children’s action with a robotics kit by 
using one video camera from the beginning to the end of 
children’s workshop. In the second research environment, I 
videotaped children’s action with a construction kit by using 
one video camera from the beginning of the workshop to its 
end. In the third research environment, children’s actions with 
the RUBI robot was videotaped by using a four-camera 
recording system that automatically recorded children’s action 
with the robot whenever the system recognized movements in 
the area. 
Videotaping Þt naturally into research with children in 
kindergarten as they were not disturbed by the videotaping but 
were happy to talk to the camera about their robot 
constructions. Regarding elementary school children with 
special needs, videotaping was experienced as a mostly natural 
and non-disruptive activity, even though some children did not 
want the incomplete robot to be documented by the camera. 
Videotaping was also a method that did not remind children of 
test situations as interviews obviously did in the case of some 
children. Therefore, children’s possible negative attitudes 
toward a data collection method were not an obstacle in data 
collection. In all three research environments, children easily 
forgot about the existence of the video cameras or did not pay 
them attention.
Research questions and methodology
! Dissertations in Forestry and Natural Sciences No 169! 65
reinforced research Þndings garnered from the two other 
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Gujar, Harrison, Moran, & Want, 2000; Fishkin, 2004). I derived 
the deÞnition of robot and educational robot from Russell and 
NorvigÕs book (2003) about artiÞcial intelligence and robotics as 
an application area of it. Overall, I examined the Þeld based on 
the foundations of research on robotics, education and 
interaction in order to frame the study and indicate the research 
problem.
The integration of varied Þelds required a focusing of 
attention on different issues in the literature review. I used an 
iterative, multi-phased approach for collecting technical and 
educational data about the state of robotics for education. At 
Þrst I paid attention to the educational technology debate 
(which revolved around promises as well as successes and 
failures of technologies in education) and this opened up the 
research Þeld and highlighted relevant issues to the study. With 
regard to educational robotics I aimed to present types of 
robotics for education and elements of the successful use of 
robot technologies in education. The educational review focused 
on well-known theories and models of learning that have 
typically been used for technology-enhanced learning. 
Exploration of the educational foundations, which aim to 
support understanding about the nature of educational robotics 
as a learning tool, includes what subject matter robotics teach 
and what children learn from it. I was further inspired by the 
sketching of some principles extracted from human-computer 
interaction and by examining principles of tangible 
manipulation related to robotic features as outlined by the focus 
of the study coincidently with an analysis.
Marjo Virnes: Four Seasons of Educational Robotics
! 64! Dissertations in Forestry and Natural Sciences No 169
3.4. DATA COLLECTION
Video data was the main source of data for this study, because it 
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after they had occurred (Derry, Pea, Barron, Engle, Erickson, 
Goldman, Sherin et al., 2010). In addition, the age of the 
youngest children, i.e. 15 months, required a data collection 
method that enabled data to be recorded without the children’s 
own active production of the data, such as drawings and 
interviews.
Videotaping took place in every research environment and 
was conducted as part of the data collection in each ongoing 
research project. In the Þrst research environment a research 
assistant videotaped children’s action with a robotics kit by 
using one video camera from the beginning to the end of 
children’s workshop. In the second research environment, I 
videotaped children’s action with a construction kit by using 
one video camera from the beginning of the workshop to its 
end. In the third research environment, children’s actions with 
the RUBI robot was videotaped by using a four-camera 
recording system that automatically recorded children’s action 
with the robot whenever the system recognized movements in 
the area. 
Videotaping Þt naturally into research with children in 
kindergarten as they were not disturbed by the videotaping but 
were happy to talk to the camera about their robot 
constructions. Regarding elementary school children with 
special needs, videotaping was experienced as a mostly natural 
and non-disruptive activity, even though some children did not 
want the incomplete robot to be documented by the camera. 
Videotaping was also a method that did not remind children of 
test situations as interviews obviously did in the case of some 
children. Therefore, children’s possible negative attitudes 
toward a data collection method were not an obstacle in data 
collection. In all three research environments, children easily 
forgot about the existence of the video cameras or did not pay 
them attention.
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The video data required preparatory work to be done before 
the analysis. The research assistant transcribed the spoken 
language from the video data from research environments one 
and two and I completed the transcriptions for my research 
purposes by adding descriptions of the incidents. I transcribed 
the video data from the research environment two by 
transcribing spoken language and describing incidents. In the 
case of the research environment three, I transcribed the spoken 
language from the video data when applicable and wrote 
descriptions of incidents.
The video data was transcribed by using Transana software12 
which is software that is used for qualitative analysis, especially 
in the case of video and audio data. Transana was a suitable tool 
for handling and analyzing hours of the video data, which was a 
pre-requisite for conducting the analysis in the study. The 
properties of Transana supported the GT analysis which further 
justiÞed its choice. It was, for instance, possible to synchronize 
video and transcription, which is not possible for instance with 
Atlas.ti which could otherwise have been used for qualitative 
analysis. Transana also enabled the division of video data into 
video clips and the addition of keywords. Transana’s 
classiÞcation properties made it possible to make collections of 
data (that is a category in GT analysis), to utilize the keyword 
function for searches of large amount of data and to create 
collections from the search results.
The repository of the research data is two external hard 
drives that are stored by me. Table 4 presents the total amount of 
video data used for the analysis and the number of the video 
data as the number of video clips in the Transana program. 
Information on the data was received from Transana Collection 
Reports that showed the number of video clips per Transana 
collection and the total time of video clips per category 
indicated the number of data used in the study.
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12 Transana’s version 2.30b-win was used. Transana was developed at the 
Wisconsin Center for Education Research University of Wisconsin, Madison. 
http://www.transana.org/
Table 4. Number and length of the video clips per research environment in 
Transana
Research environment Number of the video 
clips in Transana
Total length of video 
clips (hh:mm:ss)
Research environment 1 722 7:03:52
Research environment 2 351 4:03:51
Research environment 3 696 23:00:20
Total 1769 34:08:03
In addition to the video data, I used the additional research 
data that was collected by me and research colleagues in the 
research projects (Table 5). The additional data played a minor 
role in the analysis and I used it to support interpretations, to 
seek alternative solutions and to illustrate children’s activities 
with educational robotics.
Table 5. Types of the research data
Research environment Main data Additional data
Research environment 1 Video Children’s’ interviews, teachers’ 
observations (written), children’s 
drawings, photos
Research environment 2 Video Teachers’ observations (written), 
children’s drawings, photos
Research environment 3 Video Teachers’ observations (oral), field 
notes
In research environment one, children’s drawings, interviews 
and photos of robot constructions supported the data analysis 
and illustrated children’s thoughts and experiences. I also used 
teachers’ written observations when seeking alternative 
interpretations to children’s action. I used similar additional 
data, excluding children’s interviews, for analyzing the data 
from the second research environment. The additional data from 
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language from the video data from research environments one 
and two and I completed the transcriptions for my research 
purposes by adding descriptions of the incidents. I transcribed 
the video data from the research environment two by 
transcribing spoken language and describing incidents. In the 
case of the research environment three, I transcribed the spoken 
language from the video data when applicable and wrote 
descriptions of incidents.
The video data was transcribed by using Transana software12 
which is software that is used for qualitative analysis, especially 
in the case of video and audio data. Transana was a suitable tool 
for handling and analyzing hours of the video data, which was a 
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data (that is a category in GT analysis), to utilize the keyword 
function for searches of large amount of data and to create 
collections from the search results.
The repository of the research data is two external hard 
drives that are stored by me. Table 4 presents the total amount of 
video data used for the analysis and the number of the video 
data as the number of video clips in the Transana program. 
Information on the data was received from Transana Collection 
Reports that showed the number of video clips per Transana 
collection and the total time of video clips per category 
indicated the number of data used in the study.
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clips in Transana
Total length of video 
clips (hh:mm:ss)
Research environment 1 722 7:03:52
Research environment 2 351 4:03:51
Research environment 3 696 23:00:20
Total 1769 34:08:03
In addition to the video data, I used the additional research 
data that was collected by me and research colleagues in the 
research projects (Table 5). The additional data played a minor 
role in the analysis and I used it to support interpretations, to 
seek alternative solutions and to illustrate children’s activities 
with educational robotics.
Table 5. Types of the research data
Research environment Main data Additional data
Research environment 1 Video Children’s’ interviews, teachers’ 
observations (written), children’s 
drawings, photos
Research environment 2 Video Teachers’ observations (written), 
children’s drawings, photos
Research environment 3 Video Teachers’ observations (oral), field 
notes
In research environment one, children’s drawings, interviews 
and photos of robot constructions supported the data analysis 
and illustrated children’s thoughts and experiences. I also used 
teachers’ written observations when seeking alternative 
interpretations to children’s action. I used similar additional 
data, excluding children’s interviews, for analyzing the data 
from the second research environment. The additional data from 
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the third research environment was teachers’ observations about 
childrenÕs actions that I collected as Þeld notes.
3.5. DATA ANALYSIS
Before starting with the actual analysis, I familiarized myself 
with the raw video data from the research environments as 
Corbin and Strauss suggested one do as the Þrst step in GT 
analysis (2008, p. 163). I started this process after completing 
activities in the research environments by watching the video 
data and sketching the essence of the research. When I was 
familiar with the data I had worked with, I had also vicariously 
entered into the encounters between educational robotics and 
children. 
Transana was a tool particularly suited to the Þrst stages of 
the analysis that included open coding of incidents and 
categorizing them. I did not Þnd Transana an applicable tool to 
those stages of the analysis which required comparison between 
upper levels of abstraction and the formulation of a substantive 
theory. Re-organizing the categories in Transana would have 
been too laborious a task for the construction of a theory that 
was still in progress. Transana is also too much of a constricting 
tool for illustrating a theory. For the building the theory I 
needed a graphical presentations of the data and that was not 
possible using Transana software. I consequently drew 
illustrative graphical presentations which aided me in the 
formulation of the substantive theory. TransanaÕs search 
property facilitated higher level analysis and I used it for testing 
my interpretations by collecting and reviewing the original data 
from the different categories.
The GT analysis comprised three stages namely open coding, 
axial coding and selective coding (Strauss & Corbin, 1998; Corbin & 
Strauss, 2008; Kelle, 2007; Bogdan & Biklen, 2007; Dey, 2007, pp. 
81Ð93, 167Ð190). The main foundation for open coding was 
exploring and naming incidents in the data. The incidents 
formed categories that the stage of axial coding elaborated upon 
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by exploring their properties and dimensions. The stage of 
selective coding developed the analysis further by revealing 
processes and core categories and by testing the substantive 
theory on the original data. The whole process of analysis in GT 
is aimed at building a substantive theory that was grounded on 
the single incidents that emerged from the data. The constant 
comparative method, theoretical sampling and data saturation 
directed and supported the process. Figure   15 presents the 
stages of analysis as they took place in the study.
Phase 1: Open coding
First, identifying and coding of incidents. Conceptualizing the 
incidents. Constant comparison between incidents (concepts). 
Second, combining the concepts into the categories. Constant 
comparison between the concepts and categories. Third, combining 
categories into the main categories. Constant comparison between 
the concepts and categories. The main question is in the process: 
”What is happening here?”. Writing memos supports the coding 
process.
Phase 3: Selective coding
Specifying of categories that describe a theory and linking of 
categories into the research problem. First, naming of the main 
categories that are derived from the combinations of the dimensions 
in axial coding, and elaborating on them by specifying their 
relationships to each other. Linking the main categories into the 
research problem. Tool in the process: graphical process description. 
Second, naming a core category that connects all other categories 
and explains the movement between the main categories. The main 
question is in the process “What is this all about?” Constant 
comparison between the main categories, core category and forming 
theory.
Phase 2: Axial coding
Elaborating on the main categories by defining their properties and 
dimensions. The main questions is in the process: “What is 
happening here? What does it mean? What are consequences?” Tool 
in the process: graphical presentations as charts and diagrams. 
Constant comparison between the main categories, properties, and 
dimensions. 
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Figure 15. Stages of data analysis
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familiar with the data I had worked with, I had also vicariously 
entered into the encounters between educational robotics and 
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Transana was a tool particularly suited to the Þrst stages of 
the analysis that included open coding of incidents and 
categorizing them. I did not Þnd Transana an applicable tool to 
those stages of the analysis which required comparison between 
upper levels of abstraction and the formulation of a substantive 
theory. Re-organizing the categories in Transana would have 
been too laborious a task for the construction of a theory that 
was still in progress. Transana is also too much of a constricting 
tool for illustrating a theory. For the building the theory I 
needed a graphical presentations of the data and that was not 
possible using Transana software. I consequently drew 
illustrative graphical presentations which aided me in the 
formulation of the substantive theory. TransanaÕs search 
property facilitated higher level analysis and I used it for testing 
my interpretations by collecting and reviewing the original data 
from the different categories.
The GT analysis comprised three stages namely open coding, 
axial coding and selective coding (Strauss & Corbin, 1998; Corbin & 
Strauss, 2008; Kelle, 2007; Bogdan & Biklen, 2007; Dey, 2007, pp. 
81Ð93, 167Ð190). The main foundation for open coding was 
exploring and naming incidents in the data. The incidents 
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and explains the movement between the main categories. The main 
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Elaborating on the main categories by defining their properties and 
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3.5.1. Open coding
The Þrst step in the theory building was the conceptualizing of 
the raw data that took place as open coding. Open coding stood 
for a certain kind of brainstorming with the data in order to 
open up all potential possibilities which the data can offer the 
researcher. The procedure for conducting open coding included 
scrutinizing the data in order to understand the essence of the 
data and deÞning conceptual names to the incidents in the data 
by identifying incidents and deÞning them as concepts (Strauss 
& Corbin, 1998, pp. 101Ð121; Corbin & Strauss, 2008, pp. 159Ð
161).
I started open coding from LEGO NXT in special needs 
education and then continued to Topobo in kindergarten and, in 
the end, I examined the data from RUBI in early childhood 
education. I went through the data one research environment at 
a time without comparing the data of one environment to 
another. In this way, I let each research environment show its 
special features and I did not force the data to Þt into the 
existing model of encounters at that moment. 
Transana software supported open coding. At Þrst, I watched 
the video and added time codes to the transcript to indicate 
single events. The duration of one event varied from a few 
seconds to minutes. After adding the time codes to one video 
Þle, I watched each time-coded segment again and created a 
virtual clip of each segment. The name of the clip served as a 
conceptualization for the incident that the clip presented. 
I labeled incidents in the data by using conceptual names that 
were either denoted by me as a researcher or provided by the 
participants as in-vivo codes. In-vivo codes refer to citations 
from the talk of the participants in my study for instance 
childrenÕs interjections when they had invented a new solution 
under the category ÓNow I inventedÉÓ. I labeled the data by 
using the name of educational robotics as identiÞer and a single 
concept or short deÞnition as the concept. In addition, I added 
keywords to the clips in Transana to indicate the content of the 
clip. 
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The incidents whose properties and dimensions were 
analytically similar, I gathered into a category called collection 
in Transana. Several categories emerged during open coding, 
but I did not try to limit their number at this stage. Because the 
data was rich and multifaceted, one event in the data might Þt 
into several categories. For instance, one event might include a 
technical feature, children’s action and emotional reactions, 
external facilitation from the adults in the workshop and 
interaction between children involved in that particular 
situation, all of which affected the children’s action with 
educational robotics. To keep up all possible meanings of the 
incidents and to include them in the further steps of analysis, I 
coded these events into all the categories where they Þtted.
As open coding continued, I merged and renamed the 
categories in Transana and constantly compared categories and 
concepts in the categories. When I wanted to make sure that 
modiÞcations of the categories still matched up with the 
concepts and data, I went back to the original video data and 
examined the incident in detail to keep the categories grounded 
on the data. At this stage of analysis, I also took advantage of 
Transana’s search property and utilized keywords that I had 
added into the clips. The search results supported for instance in 
recognizing the emergence of ideation, evaluation and sharing 
throughout the working with educational robotics instead of 
being plain separate stages as the following memo (created 
during open coding in Transana) illustrates:
The procedure of working with educational robotic 
construction kits typically includes the stages of 
problem setting and ideation, creation by 
constructing and programming, testing and playing, 
that are followed by reßection and sharing. The 
presentation of the working model is linear with 
feedback or a continuous spiral, where the stages of 
working are sequential starting from the ideation and 
ending with sharing. The procedure with social 
robots is quite different due to the limited options to 
manipulate structure and the functions of the robot. 
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3.5.1. Open coding
The Þrst step in the theory building was the conceptualizing of 
the raw data that took place as open coding. Open coding stood 
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under the category ÓNow I inventedÉÓ. I labeled the data by 
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concept or short deÞnition as the concept. In addition, I added 
keywords to the clips in Transana to indicate the content of the 
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analytically similar, I gathered into a category called collection 
in Transana. Several categories emerged during open coding, 
but I did not try to limit their number at this stage. Because the 
data was rich and multifaceted, one event in the data might Þt 
into several categories. For instance, one event might include a 
technical feature, children’s action and emotional reactions, 
external facilitation from the adults in the workshop and 
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situation, all of which affected the children’s action with 
educational robotics. To keep up all possible meanings of the 
incidents and to include them in the further steps of analysis, I 
coded these events into all the categories where they Þtted.
As open coding continued, I merged and renamed the 
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concepts and data, I went back to the original video data and 
examined the incident in detail to keep the categories grounded 
on the data. At this stage of analysis, I also took advantage of 
Transana’s search property and utilized keywords that I had 
added into the clips. The search results supported for instance in 
recognizing the emergence of ideation, evaluation and sharing 
throughout the working with educational robotics instead of 
being plain separate stages as the following memo (created 
during open coding in Transana) illustrates:
The procedure of working with educational robotic 
construction kits typically includes the stages of 
problem setting and ideation, creation by 
constructing and programming, testing and playing, 
that are followed by reßection and sharing. The 
presentation of the working model is linear with 
feedback or a continuous spiral, where the stages of 
working are sequential starting from the ideation and 
ending with sharing. The procedure with social 
robots is quite different due to the limited options to 
manipulate structure and the functions of the robot. 
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Action is therefore focused on the usage of the robot 
and playing with the robot.
Open coding brought out the varied actions of the children 
with different educational robotics, which posed a challenge for 
integrating the data to complete categories. For example:
The beginning of action with different educational 
robotics was diverse because the initiative was on 
children with LEGO NXT and Topobo, whereas the 
initiative was on the robot with RUBI. Manipulation 
focused on the structure and functions with 
construction kits, but the functions only with RUBI. 
The use of the robots was versatile with all the robots 
however showing variations in children’s actions.
To conclude open coding, I categorized children’s actions 
with educational robotics into the following stages of the 
encounters: 1)  orientation, 2)   structure manipulation, 3)   function 
manipulation and 4) playful action. Table 6 presents the examples 
of open coding in terms of concepts, higher-level categories and 
main categories.
Table 6. Examples of open coding: concepts, higher categories and main 
categories
Concepts Categories Main 
categories
NXT_submarine
NXT_new topic
Topobo_Now I invented
Topobo_don’t know what to 
do
RUBI_touch the screen
RUBI_waits for guidance
“I want to make…”
Changing the topic
New ideas
Lack of ideas
Child’s initiative
Robot’s initiative
Orientation
NXT_missing brick
NXT_use of senses 
Topobo_Medal Mickey
Topobo_stucked connector
Finding a brick
Knowledge on the kit
Naming the robot
Broken bricks
Structure 
manipulation
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NXT_teaching movement
NXT_”don’t understand a 
thing”
Topobo_programming an 
elephant
Topobo_observing lights
RUBI_touching the hand
RUBI_touching the screen
Guided programming
Problematic programming
Recording
Lights
Physical properties: hands
Physical properties: screen
Function 
manipulation
NXT_test on the field
NXT_living robot
Topobo_flower doesn’t stop
Topobo_trail and trunk
RUBI_laughing RUBI
RUBI_giving the ball
Observing correctness
Observing skills
Imaginary play
Naming the robot
Social properties
Giving items (in game)
Playful action
3.5.2. Axial coding
The second step in the theory building was axial coding that 
elaborated the analysis by linking categories at the level of 
properties and dimensions. Even though axial coding has been 
presented as a separate stage of analysis, it actually goes hand in 
hand with open coding (Corbin & Strauss, 2008). The distinction 
between open coding and axial coding indicates that even 
though GT breaks the data apart as concepts in open coding, the 
data have to be put back together by relating the concepts again 
(Strauss & Corbin, 1998, pp. 123–142).
In the early stages of open coding, I coded the research 
environments separately, but axial coding changed the direction 
and integrated the data from the different research 
environments together. In open coding, I broke the data into the 
main categories that represented the stages of action. In axial 
coding, I opened each category and asked what had happened 
in this category, in what ways and why. My aim was to observe 
the categories as an outsider and to seek explanatory reasons 
beyond the categories. For instance, children’s action with 
educational robotics was occasionally passive and occasionally 
active, they interacted with educational robotics, but also 
stepped back. Through axial coding, I aimed at deÞning 
properties and dimensions that evoked variation. Axial coding 
could be deÞned as playing with the data and categories (which 
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The second step in the theory building was axial coding that 
elaborated the analysis by linking categories at the level of 
properties and dimensions. Even though axial coding has been 
presented as a separate stage of analysis, it actually goes hand in 
hand with open coding (Corbin & Strauss, 2008). The distinction 
between open coding and axial coding indicates that even 
though GT breaks the data apart as concepts in open coding, the 
data have to be put back together by relating the concepts again 
(Strauss & Corbin, 1998, pp. 123–142).
In the early stages of open coding, I coded the research 
environments separately, but axial coding changed the direction 
and integrated the data from the different research 
environments together. In open coding, I broke the data into the 
main categories that represented the stages of action. In axial 
coding, I opened each category and asked what had happened 
in this category, in what ways and why. My aim was to observe 
the categories as an outsider and to seek explanatory reasons 
beyond the categories. For instance, children’s action with 
educational robotics was occasionally passive and occasionally 
active, they interacted with educational robotics, but also 
stepped back. Through axial coding, I aimed at deÞning 
properties and dimensions that evoked variation. Axial coding 
could be deÞned as playing with the data and categories (which 
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emerged in open coding) in terms of constant comparison 
(Strauss & Corbin, 1998, pp. 123–142; Corbin & Strauss, 2008, pp. 
195–288).
Three different kind of educational robotics evoked different 
processes within four stages of action. I elaborated the stages in 
the axial coding phase by reviewing each category and 
specifying the content of the categories to sub-categories 
regarding each type of educational robotics. Simultaneously, 
with specifying of the sub-categories, I considered the 
dimensions of the sub-categories as encounters between 
educational robotics and children.
Compared to open coding, the role which Transana played in 
axial coding was minor. In order to master the data, that 
included hundreds of coded incidents, Transana provided 
support by the search function. It was for instance possible to 
search incidents related to orientation and to explore what kind 
of actions of children emerged in the category and thus 
supported Þnding dimensions from the categorized data with 
links to the original data as video clips.
3.5.3. Selective coding
Selective coding is the third step of GT analysis meaning the 
process of integrating and reÞning the substantive theory 
(Strauss & Corbin, 1998, pp. 143–162; Corbin & Strauss, 2008, pp. 
229–274). The stage of selective coding consists of 1) analyzing 
the data by combining of categories that emerged in axial coding 
and naming these new combinations of categories, 2) bringing 
the process into the analysis and explaining variations as a 
storyline and 3)  capturing the movement of the processes and 
categories and conceptualizing them as a core category. DeÞning 
of the core category takes place at the very end of the selective 
coding and the whole research process. The core category 
explains what the research is all about by pulling the other 
categories together to form an explanatory whole. According to 
Corbin and Strauss (2008) the core category can evolve from the 
existing categories, or the researcher can deÞne a new term or 
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phrase to capture the ‘story’ of the research, especially if none of 
the existing categories is extensive enough to cover the whole.
I approached selective coding by combining the dimensions 
that emerged in axial coding and by analyzing encounters 
within these new categories. The categories I conceptualized 
were based on the nature of encounters in each category. The 
categories were a starting point for deeper analysis that 
described children’s process with educational robotics in terms 
of time (processes with educational robotics) and tool (three 
different types of educational robotics) for the analysis. I 
explored the process description about the categories in the 
different stages of encounters (i.e. the main categories of 
encounters that resulted from open coding). 
I captured the movement by determining core categories that 
described encounters regarding educational robotics and 
children.
3.6. ETHICAL ISSUES
Research practices were based on generally accepted ethical 
principles for scientiÞc research. As I carried the research out in 
the natural settings the rights and protection of the research 
participants were the Þrst priority. Within research 
environments one and two, that were implemented at the 
University of Joensuu at that time, the selection of informants 
was based on voluntary participation and informed consent. 
Written permission for participating in the research was asked 
by a consent form from childrenÕs parents. Within research 
environment three, conducted at the University of California 
San Diego, the ethical issues included similar themes, but the 
process for consent followed the University’s procedure.
The research participants were not put in harm’s way or at 
any risk as a result of their participation. The ethical issue of a 
person's right to service was ensured in the natural settings in 
mutual cooperation with participants. Participants’ 
conÞdentiality and privacy was guaranteed by ensuring that 
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emerged in open coding) in terms of constant comparison 
(Strauss & Corbin, 1998, pp. 123–142; Corbin & Strauss, 2008, pp. 
195–288).
Three different kind of educational robotics evoked different 
processes within four stages of action. I elaborated the stages in 
the axial coding phase by reviewing each category and 
specifying the content of the categories to sub-categories 
regarding each type of educational robotics. Simultaneously, 
with specifying of the sub-categories, I considered the 
dimensions of the sub-categories as encounters between 
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Compared to open coding, the role which Transana played in 
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support by the search function. It was for instance possible to 
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supported Þnding dimensions from the categorized data with 
links to the original data as video clips.
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Selective coding is the third step of GT analysis meaning the 
process of integrating and reÞning the substantive theory 
(Strauss & Corbin, 1998, pp. 143–162; Corbin & Strauss, 2008, pp. 
229–274). The stage of selective coding consists of 1) analyzing 
the data by combining of categories that emerged in axial coding 
and naming these new combinations of categories, 2) bringing 
the process into the analysis and explaining variations as a 
storyline and 3)  capturing the movement of the processes and 
categories and conceptualizing them as a core category. DeÞning 
of the core category takes place at the very end of the selective 
coding and the whole research process. The core category 
explains what the research is all about by pulling the other 
categories together to form an explanatory whole. According to 
Corbin and Strauss (2008) the core category can evolve from the 
existing categories, or the researcher can deÞne a new term or 
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phrase to capture the ‘story’ of the research, especially if none of 
the existing categories is extensive enough to cover the whole.
I approached selective coding by combining the dimensions 
that emerged in axial coding and by analyzing encounters 
within these new categories. The categories I conceptualized 
were based on the nature of encounters in each category. The 
categories were a starting point for deeper analysis that 
described children’s process with educational robotics in terms 
of time (processes with educational robotics) and tool (three 
different types of educational robotics) for the analysis. I 
explored the process description about the categories in the 
different stages of encounters (i.e. the main categories of 
encounters that resulted from open coding). 
I captured the movement by determining core categories that 
described encounters regarding educational robotics and 
children.
3.6. ETHICAL ISSUES
Research practices were based on generally accepted ethical 
principles for scientiÞc research. As I carried the research out in 
the natural settings the rights and protection of the research 
participants were the Þrst priority. Within research 
environments one and two, that were implemented at the 
University of Joensuu at that time, the selection of informants 
was based on voluntary participation and informed consent. 
Written permission for participating in the research was asked 
by a consent form from childrenÕs parents. Within research 
environment three, conducted at the University of California 
San Diego, the ethical issues included similar themes, but the 
process for consent followed the University’s procedure.
The research participants were not put in harm’s way or at 
any risk as a result of their participation. The ethical issue of a 
person's right to service was ensured in the natural settings in 
mutual cooperation with participants. Participants’ 
conÞdentiality and privacy was guaranteed by ensuring that 
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any identifying information was not available to anyone who 
was not directly involved in the study. I secured the anonymity 
of the research participants by referring to them as “child” in my 
reporting of the results.
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4. Research environments
4.1. EDUCATIONAL ROBOTICS OF THE STUDY
The study focused on three different types of educational 
robotics that represented each category of educational robotics 
(Figure   16). LEGO® Mindstorms® NXT (LEGO NXT) 
represented robotics kits, Topobo construction kits and RUBI social 
robots. They all adhered to the deÞnition of robotics, but Topobo 
was included in the study without sensors for availability issues. 
I forthwith introduce the versions of each educational robotics 
as they were used in this study and describe their use in each 
research environments.
TRANSPARENT 
EDUCATIONAL 
ROBOTICS
Autonomous robot artifacts
Child-led 
action
Technology-led 
action
CONSTRUCTION 
KITS
Topobo
Constructed robot artifacts
ROBOTICS KITS
LEGO NXT
SOCIAL ROBOTS
RUBI
Figure 16. LEGO Mindstorms NXT, Topobo and RUBI in the categories of 
educational robotics
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4.1.1. Robotics kit LEGO® Mindstorms® NXT
The LEGO® Mindstorms® NXT version 1.0 (LEGO NXT) is a 
robotics kit used for constructing and programming robotic 
devices. The Þrst version of the LEGO NXT basic kit was used in 
this study. 
The robotics kit contains a set of grey-color-schemed plastic 
building blocks and rubber components, one NXT Intelligent 
Brick (NXT) and four sensors, i.e. one light, one touch, one 
ultrasonic and one sound sensor, as well as three servo motors 
as actuators (Figure 17). LEGO NXT constructions are created by 
connecting the blocks by means of small connectors. Sensors are 
connected to NXT by cables.
  
Figure 17. Educational robotics in the study: LEGO NXT bricks (left), LEGO 
NXT sensors connected to NXT (right) (LEGO, 2008)
There are various options for programming the robot. In this 
study children used NXT-G programming software that comes 
with the LEGO NXT robotics kit. The programming software is 
based on the graphical interface and one constructs a program 
by connecting the ÒcodeÓ blocks which, in essence, means that 
code writing is more similar to creating a ßowchart of blocks 
than writing lines of code. Programs are downloaded to the 
NXT in the robot by using a USB port or wirelessly by Bluetooth 
(Figure 18).
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Figure 18. Programming with NXT-G programming software
A completed artifact is usually a representation of a device 
with special properties, functions and behaviors (Figure 19).
Figure 19. LEGO NXT constructions: humanoid robot (left) and spike (right) 
(LEGO, 2008)
4.1.2. Construction kit Topobo
Topobo is a construction kit used in the creating constructions 
and recording function to them. Compared to LEGO NXT, 
programming can occur without using a pre-required 
programming language and computer. Instead, Topobo records 
physical motions and then plays them back.
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There are various options for programming the robot. In this 
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NXT in the robot by using a USB port or wirelessly by Bluetooth 
(Figure 18).
Marjo Virnes: Four Seasons of Educational Robotics
! 78! Dissertations in Forestry and Natural Sciences No 169
Figure 18. Programming with NXT-G programming software
A completed artifact is usually a representation of a device 
with special properties, functions and behaviors (Figure 19).
Figure 19. LEGO NXT constructions: humanoid robot (left) and spike (right) 
(LEGO, 2008)
4.1.2. Construction kit Topobo
Topobo is a construction kit used in the creating constructions 
and recording function to them. Compared to LEGO NXT, 
programming can occur without using a pre-required 
programming language and computer. Instead, Topobo records 
physical motions and then plays them back.
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Topobo consists of a set of colorful building blocks (that are 
called Passives) and motors as actuators (that are called Actives) 
(Figure 20). Passives are variously shaped building blocks that 
can be connected to each other using LEGO connectors. Actives 
are motorized, networkable, egg-shaped plastic objects with one 
button and an LED for indicating recording and playback. A 
Queen is like an Active, but it is used to control all other Actives 
connected to the Queen. Thus, the Queen represents a 
centralized control over other Actives (Figure 20). 
  
Figure 20. Educational robotics in the study: the basic Topobo construction kit. 
Bricks and one blue active in the middle (left), red Queen controls blue Actives 
in Topobo construction (right) (Topobo, 2014)
Functions are programmed into the Topobo by recording 
movement via the tangible interface which facilitates embedded 
kinetic memory (Figure 21). Pressing the button on the Active or 
Queen starts recording the movement which is, in turn, 
produced by moving the brick connected to the white active end 
of an Active or Queen back and forth. The red light in the button 
indicates the recording mode. The recording ends when the 
button is pressed again. Playback of the recorded movement 
begins immediately after stopping the recording and is 
indicated as a green light in the button. The playback 
continuous in an inÞnite loop until it is stopped by pressing the 
button again. Figure 22 presents examples of completed Topobo 
constructions (Topobo, 2014).
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Figure 21. Programming with Topobo (Topobo, 2014)
Figure 22. Topobo constructions (Topobo, 2014)
4.1.3. Social robot RUBI
RUBI is a socially interactive robot designed for use in toddlers’ 
education. It has for instance been applied to teaching a foreign 
language to children (Figure 23).
Figure 23. Social robot RUBI (Movellan et al., 2009, p. 307)
RUBI is a 22x24x8 inch, low cost, stationary robot. It is 
composed of a video camera located in the nose, a microphone, 
4 infrared proximity sensors (two in the body and two in the 
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are motorized, networkable, egg-shaped plastic objects with one 
button and an LED for indicating recording and playback. A 
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centralized control over other Actives (Figure 20). 
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4.1.3. Social robot RUBI
RUBI is a socially interactive robot designed for use in toddlers’ 
education. It has for instance been applied to teaching a foreign 
language to children (Figure 23).
Figure 23. Social robot RUBI (Movellan et al., 2009, p. 307)
RUBI is a 22x24x8 inch, low cost, stationary robot. It is 
composed of a video camera located in the nose, a microphone, 
4 infrared proximity sensors (two in the body and two in the 
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hands), 2 accelerators located in the body, the actuators in head 
and arms, a loudspeaker and a touch screen.
All RUBI’s functionalities were not used in the free play 
mode which this particular study investigated. RUBI runs the 
CERT perceptual software that can detect upright frontal faces 
and analyze their expressions using a facial action coding 
system (FACS). In the version of RUBI used in this study faces 
were only automatically analyzed for the presence or the 
absence of a smile (Movellan et al., 2009).
In addition to CERT, RUBI’s functions were implemented as 
an emotion module and a game scheduler. The emotion module 
controlled the dynamics of some simple emotional dimensions, 
including “fear”, “loneliness”, “ticklishness” and “sleepiness”. 
For example, if RUBI’s accelerometer detected excessive 
shaking, it executed the “fear” module which then inhibited the 
module of “ticklishness”. The emotional states modulated the 
interaction between sensors and actuators. For example, fear 
could increase the probability of the robot crying and inhibit the 
programs for digital and physical games (Movellan et al., 2009). 
A game scheduler was charged with starting and stopping 
the different games, depending on the available of sensory 
information. This was based on an “interest estimator” that 
combined the number of touches received in the past minute 
and the number of faces detected. The function relating the 
interest estimator to the game scheduling is set manually hand 
using simple heuristics that were reÞned during Þeld studies 
(Movellan et al., 2009).
As regards educational activities, RUBI had two types of 
games, songs and educational games. Songs were ‘sung’ by 
RUBI, while the robot danced and a related video clip was 
presented on the screen. Educational games were ßash-based 
with presented images on the screen. RUBI asked questions 
about the images and responded with its physical and actuators 
to the children’s choices (Movellan et al., 2009). 
RUBI could also grasp an item which was given to her. For 
example, when a child extended an item towards RUBI’s hand, 
the robot’s hand mechanism automatically grasped the item, 
Marjo Virnes: Four Seasons of Educational Robotics
! 82! Dissertations in Forestry and Natural Sciences No 169
moved the arm and randomly dropped the item before handing 
it back to the child. In the Wizard-of-Oz approach the robot said 
child’s name, the names of the items, greetings and giggling.
4.2. RESEARCH ENVIRONMENTS OF THE STUDY
4.2.1. Research environment 1
In research environment one, the children’s work with a robotics 
kit was organized as a workshop. The research participants 
comprised a group of eight 5th and 6th grade boys between the 
ages of 10 and 14 in addition to their school teachers who 
participated in the workshops. 
Since the participants all came from an actual school class, 
they represented a cross- section of the strengths and disabilities 
that are typical of any learning environment in special needs 
education. All of the children in the group were diagnosed with 
various learning disabilities including Attention DeÞcit 
Hyperactivity Disorder (ADHD), Asperger’s Disorder and 
language impediments such as dysphasia. While ADHD, a 
developmental disorder with a neurological basis, is 
characterized by impulsiveness, inattention and hyperactivity, 
the manifested symptoms of ADHD may differ from one person 
to another. While hyperactivity may thus be the main challenge 
for one child with ADHD, another might have difÞculties with 
impulsiveness or not being able to focus (Selikowitz, 2004). 
Asperger’s Disorder is a milder variant of Autistic Disorder and 
is characterized by a sustained impairment in social interaction 
and the development of restricted and repetitive patterns of 
behavior, interest and activity. While clumsiness in articulation 
and gross motor behavior is typically common in both 
disorders, the severity and diversity of symptoms vary from 
individual to individual. People with language impairments 
such as dysphasia have difÞculty in formulating, expressing and 
understanding the meaning of language. Children might also 
Þnd it difÞcult to conduct discussions with others and might 
present with problems in reading, writing and mathematics. 
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moved the arm and randomly dropped the item before handing 
it back to the child. In the Wizard-of-Oz approach the robot said 
child’s name, the names of the items, greetings and giggling.
4.2. RESEARCH ENVIRONMENTS OF THE STUDY
4.2.1. Research environment 1
In research environment one, the children’s work with a robotics 
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ages of 10 and 14 in addition to their school teachers who 
participated in the workshops. 
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they represented a cross- section of the strengths and disabilities 
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characterized by impulsiveness, inattention and hyperactivity, 
the manifested symptoms of ADHD may differ from one person 
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impulsiveness or not being able to focus (Selikowitz, 2004). 
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behavior, interest and activity. While clumsiness in articulation 
and gross motor behavior is typically common in both 
disorders, the severity and diversity of symptoms vary from 
individual to individual. People with language impairments 
such as dysphasia have difÞculty in formulating, expressing and 
understanding the meaning of language. Children might also 
Þnd it difÞcult to conduct discussions with others and might 
present with problems in reading, writing and mathematics. 
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Dysfunctions in perception as well as clumsiness are also typical 
symptoms of dysphasia (McCauley & Fey, 2006).
Although I, as a researcher, was obviously familiar with the 
general characteristics of the various disabilities, I had been 
apprised beforehand as to the individual diagnoses of the 
children. In this way, I minimized the possibility of bias 
regarding my perceptions regarding the performance and skills 
of the children during data collection and analysis.
I undertook the study in the Education Technology 
Laboratory of the University of Joensuu where technology 
workshops were held, together with teachers and other 
researchers, approximately once every second week from 
September 2006 to April 2007.
The laboratory itself differed from ordinary school 
classrooms or laboratories. Firstly the laboratory was an 
environment which was intensively monitored and enriched 
with technologies. Secondly an individual working space was 
assigned to each pair. Each of these spaces was equipped with a 
Windows laptop computer connected to a wireless network and 
one LEGO NXT robot construction kit. Thirdly the children were 
allowed to move around freely in the laboratory so that they 
could collaborate with one another and test their robots on the 
ßoor. Since Þve of the children had already attended technology 
workshops in the Educational Technology Laboratory during 
the previous school year (from September 2005 to May 2006), 
they were already familiar with the laboratory environment, its 
technical tools and the methods of work.
LEGO NXT was a tool that was new to everyone. Seven of 
the children were already familiar with the previous LEGO 
Mindstorms Robotic Invention System 2.0 (LEGO RIS) and the 
LEGO RIS programming language (LEGO, 2008) because they 
had participated in the project and similar technology 
workshops during the previous school year. 
Each workshop lasted for approximately 1 hour and 40 
minutes and it comprised an introduction with discussion, 
active work with robotics, the writing of an entry in a weblog 
and a concluding discussion that took place in a circle. The 
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discussion at the start of the workshop consisted of recalling the 
next phase in the work of each working pair or an individual 
participant and observations regarding general issues related to 
the work itself. In the concluding discussion circle, the children 
were asked to describe and reßect upon the progress of their 
work. Table   7 presents the structure and duration of the 
activities in the workshops.
Table 7. The structure and duration of activities in the LEGO NXT workshops
Activity Time
Beginning 5–10 min.
Working with robotics: constructing, programming, testing 50–90 min.
Weblog 15–40 min.
Conclusion 5 min.
The workshops were designed as a ßexible environment in 
which the children were able to actively use educational robotics 
to construct robots on the basis of their own interest and at their 
own pace. At Þrst, the children constructed LEGO NXT robots 
from a model in the LEGO NXT booklet so that they could 
familiarize themselves with the construction kit and then tried 
to design a LEGO NXT robot themselves. Traditional teaching 
took place only when researchers introduced NXT-G 
programming software to children. By proceeding in this way, 
the children were encouraged to study the basics of 
programming and they became familiar with the user interface, 
the main commands that control the motors and sensors and the 
structures of repetition and condition. The task of the teachers 
and researchers was to support and guide the autonomous work 
of the children. Despite the large amount of freedom available to 
the children in the working environment, the work was 
nevertheless strongly goal-oriented.
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4.2.2. Research environment 2
Research environment two was implemented as workshops 
with Topobo construction kits. One group of children between 
the ages of 4 and 5 (1 boy and 5 girls) participated in the 
workshops accompanied by their kindergarten teacher. The 
children were typically developed children without diagnosed 
special needs in early childhood. 
The study took place in a kindergarten in Joensuu, Finland 
where teachers and researchers held the workshops 
approximately once every second week from January 2007 to 
May 2007. 
The research environment was an ordinary classroom of early 
childhood education at the kindergarten. Shared working space 
with Topobo took place around one big table on which the 
Topobo bricks had been piled in a heap in the middle and at the 
head of the table. Children were allowed to move freely around 
the classroom so that they could collaborate with one another 
and test their robots on the ßoor and tables.
Each workshop lasted for approximately 1 hour and 30 
minutes. The structures of the workshops were identical 
(Table 8) and followed the typical pedagogical practices of the 
kindergarten. Strongly child-oriented technology workshops 
comprised a short introduction and some discussions about 
robots with the children which were followed by active work 
with educational robotics. The task of the teachers and 
researchers was to support and guide the autonomous work of 
the children. 
Table 8. The structure and duration of activities in the Topobo workshops
Activity Time
Beginning 5 min.
Constructing, programming, testing 85 min.
The children studied constructing and tangible programming 
in the company of the researchers and teacher. They became 
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familiar with the graspable user interface, the control of the 
actives and queens and the structure of repetition. The 
researchers familiarize the children with the functions of Actives 
and Queens, with how to connect them by means of cables, with 
how to attach the power cable, and with how to obtain 
movements by means of recording movement. The workshops 
were an environment where the children were able to construct 
their own robots on the basis of their own interest and at their 
own pace and to familiarize themselves with technology which 
was completely new to them.
4.2.3. Research environment 3
Research environment three was conducted with social robot 
RUBI as a part of everyday activities at the early childhood 
education center. The research participants were one group of 
children aged between 15 and 23 months (5 boys and 3 girls). In 
addition, their schoolteachers participated as teachers in the 
learning activities with the robot by teaching and facilitating the 
children. Since these participants came from an actual group of 
children in early childhood education, they represented a cross-
section of the strengths and disabilities that are typical of an 
international learning environment with typically developed, 
multilingual children in early childhood education. 
Researchers from the Machine Perception Laboratory and I 
undertook the study at the Early Childhood Education Center of 
the University of California, San Diego. The RUBI robot was 
located in a play corner in the classroom where the children 
could interact with it individually or with other children all the 
while assisted by a teacher. The classroom was an ordinary 
toddler’s classroom with toys, books and a pillow-lined area for 
RUBI. In addition, there was an observation room with a one-
way window for researchers. 
Activities with RUBI took place twice a day for a two week 
period in May 2008. Morning sessions, from approximately 
9:30am to 11am, were organized as a teacher-directed learning 
activity. Afternoon sessions, from approximately 3pm to 4:30 
pm, were organized as a child-directed activity simultaneously 
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with outdoor activities. The children could chose when they 
wanted to play with RUBI inside. 
RUBI had two function modes where mode 1 was based on a 
Wizard-of-Oz approach used in the teacher-directed morning 
sessions and mode 2 was based on full robotic features in the 
child-directed afternoon sessions without the Wizard-of-Oz 
approach. I included mode 2 in the study because it was based 
on child-led action with the robot in the natural environment 
and therefore it could be likened to children’s actions with 
LEGO NXT and Topobo.
During educational activities in mode 2, the children played 
educational games with the robot on the robot’s touch screen, 
handed items to the robot and listened to songs with 
animations. The robot used the face-tracking and smile detector 
option to respond to children’s behavior. In this mode, the robot 
did not repeat the names of the items or the children’s names.
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5. Encounters between 
educational robotics and 
children
Three different educational robotics, three different groups of 
children and three different educational settings demonstrated 
the rich encounters between educational robotics and children, 
which emerged in children’s actions with the educational 
robotics during open coding. In this chapter I describe children’s 
action with educational robotics at the four stages of encounters 
that emerged as main categories from the data. The stages are 
orientation, structure manipulation, function manipulation and 
playful action. I also draw an analogy between children’s action 
and the related properties of educational robotics at each stage 
of encounters by considering the properties via phonology in 
orientation, morphology in structure manipulation, syntax in 
function manipulation and semantics in playful action, which I 
deÞned as properties of educational robotics as a result of the 
literature review. Examples and citations link the analysis to the 
original and transcribed data.
5.1. ORIENTATION
Orientation was the Þrst stage of the encounters and it related to 
the robotic features in the category of phonology. Phonology 
referred to the appearance of educational robotics in terms of 
1) visible appearance, including size, color, materials and shape, 
2)   external functions including movement and 3)   sounds 
produced by the robot. The look of the robot hinted at the 
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materials which one could work with, the topics which one 
could address and the methods which one could use when 
working with children. As far as the children’s actions were 
concerned the orientation stage included expectations, Þrst 
impressions and making contact with educational robotics in 
order to initiate activities with it.
5.1.1. LEGO NXT
LEGO NXT was a robotics construction kit that challenged 
childrenÕs imagination to Þnd several possibilities for their own 
constructions. It especially inspired the children to plan 
technical devices rather than living beings. A tank is an example 
of a successful self-deÞned LEGO project (Example 1, Figure 24).
Example 1: Tank
Child: Can I build a tank? Yes, I can build a tank!
Adult: Would it be a good idea? Can you make it 
with this kit? Could you write your idea on paper?
Child: Hey, I tell you. There will be grabs that can do 
this [crosses arms to demonstrate the function] and 
hit [demonstrates action], the tank goes towards the 
target and hits.
Adult: Does it catch something by the grabs?
Child: Here are grabs in the front, then position of 
striking, then caterpillar tread. I’m not sure if I have 
enough motors for all the functions, but at least I 
have enough for the strike.
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Figure 24. Plan for implementing a tank
LEGO NXT evoked enthusiasm among the children for 
constructing and programming robots. Expectations were based 
on their own experiences with the use of LEGO Mindstorms 
Robotic Invention System in their previous school year. 
Educational robotics functioned as a tool which encouraged the 
children to implement their own ideas, such as a model of a 
subway. With these experiences in mind, the children showed 
signs of wanting to express their own ideas right from the Þrst 
workshop. While exploring the new construction kit they 
invented spin-off projects that could be implemented by the 
construction kit, such as a stadium (Example 2).
Example 2: Stadium
Child 1: We would construct a building and then a 
football stadium… 
Child 2: …and then there would be two robots 
playing in the Þeld. One is smaller and another just 
looks quite different. They move somehowÉ then 
there are a commentator and someone holding a light. 
This is a sound thing and this will be used there too.
Child 1: (smiles) We will also have an audience.
Child 2: Yes, weÕll have the audience and seats...
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Child 1: …and a residential building next to the 
stadium. People from the buildings can go to see a 
football game at the stadium.
Child 2: If there is a high tower at the stadium, there 
could be a person up there and watch the game!
Child 1: Good idea.
Child 2: A small LEGO man. Yippee! [Child 
demonstrates waving]
Child 1: …or watching by using of binoculars 
[demonstrates the use of binoculars]
Child 2: Exactly! The man has not managed to get a 
ticket to the game, so he has to watch the nice view 
from the tower.
Child 1: I did an elevator in my previous project. 
Maybe we could build also an elevator to the tower.
Child 2: Yes! Let’s do it.
Child 1: It just requires quite much patience.
Child 2: Can you make it?
Child 1: I think it requires work from the both of us.
Child 2: We can do it.
Child 1: Yes we can.
The children continue working with their LEGO 
current project.
LEGO NXT included new bricks and bricks with a different 
attachment system (i.e. attaching bricks by using a connector) 
from the traditional LEGOs. Therefore, the instructions and a 
basic model were used in order to familiarize the children with 
the new construction kit. Even though instructions enabled 
ßuent construction and familiarization with new bricks, some 
children wished to create something on their own and they 
questioned the need to use a model to build the Þrst NXT robot 
by asking questions such as: “Why do we need to build from the 
model? They all look the same.” 
Orientation with LEGO NXT gave children the option to 
invent, design and choose but it also limited their actions. The 
limitations of LEGO NXT and children’s own inability to 
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implement their plans became apparent when the children 
attempted to build a LEGO NXT robot by themselves, without 
the instructions. When the children wanted to create a 
submarine, rally car or a loading shovel with NXT they were not 
able to construct such models. DifÞculties with the 
implementation of plans can be attributed to disagreements 
about the limitations of the robotics, the problems that arose 
from having to work in pairs and the difÞculties that prevented 
some children from beginning to work. A rally car in the 
Example 3 illustrates the situation (Figure 25, Figure 26).
Example 3: Rally car
Two children are planning their new LEGO NXT 
project after completing the model that they created 
by using LEGO instructions.
Child 1: Crane?
Child 2: No such a thing! It is so stupid. Something 
that can drive… 
Child 1: (burst into laugh) Rally car! 
Child 2: Well, that was in the old one [LEGO 
Mindstorms Robotic Invention System]… there 
was a rally car. 
…. 
Adult: You have planned to build a car? Can you 
create it with this kit?
Child 2: No, we cannot do it with it.
Child 1: Yes we can!
Child 2: We can do it only with the old kit.
Child 1: Yes we can do. We have tires here.
Child 2: Those are not proper tires!
…
Children have argued about possibilities to create a 
rally car. Situation is still unsolved, which has 
caused side constructions and getting stuck on the 
LEGO NXT project....After an adult’s intervention, 
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LEGO NXT included new bricks and bricks with a different 
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model? They all look the same.” 
Orientation with LEGO NXT gave children the option to 
invent, design and choose but it also limited their actions. The 
limitations of LEGO NXT and children’s own inability to 
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implement their plans became apparent when the children 
attempted to build a LEGO NXT robot by themselves, without 
the instructions. When the children wanted to create a 
submarine, rally car or a loading shovel with NXT they were not 
able to construct such models. DifÞculties with the 
implementation of plans can be attributed to disagreements 
about the limitations of the robotics, the problems that arose 
from having to work in pairs and the difÞculties that prevented 
some children from beginning to work. A rally car in the 
Example 3 illustrates the situation (Figure 25, Figure 26).
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Mindstorms Robotic Invention System]… there 
was a rally car. 
…. 
Adult: You have planned to build a car? Can you 
create it with this kit?
Child 2: No, we cannot do it with it.
Child 1: Yes we can!
Child 2: We can do it only with the old kit.
Child 1: Yes we can do. We have tires here.
Child 2: Those are not proper tires!
…
Children have argued about possibilities to create a 
rally car. Situation is still unsolved, which has 
caused side constructions and getting stuck on the 
LEGO NXT project....After an adult’s intervention, 
Encounters between educational robotics and children
! Dissertations in Forestry and Natural Sciences No 169! 93
the children change the topic from the rally car to 
LEGO’s humanoid robot.
Figure 25. Plan for implementing a rally car
Figure 26. Plan for implementing LEGO NXT humanoid robot named King 
Kong instead of rally car
Orientation with LEGO NXT was twofold. Firstly, LEGO 
NXT was a construction kit with ample options to construct and 
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program robotic devices. It was an open system in which to use 
one’s imagination and implement functional constructions. 
Secondly, problems in implementation limited the possibility to 
realize the ideas, which also had an impact on orientation. 
Regarding this particular group of children, the LEGO NXT 
instructions directed orientation in terms of topics to be 
implemented, building blocks to be used for construction and 
methods to be used in constructing. In spite of preventing 
characteristics in action, LEGO NXT required the initiative of 
children to make progress with robotics.
5.1.2. Topobo
Topobo provided some guidance for constructing by offering the 
children hints or clues as to the colors, shapes and functions of 
the individual bricks and their possible combinations. As the 
children did not have previous experience in educational 
robotics, orientation with Topobo was ßavored with curiosity 
and courage to explore possibilities offered by the construction 
kit.
Topobo was experienced less as a machine or technical device 
and more as a tool which lent itself to the construction of 
imaginary and animal characters with various imaginative 
functions, which the robot constructions that the children made 
in the following stages of action indicated. Topobo presented the 
children with opportunities for developing their own 
technological artifacts. Since the children themselves had control 
over the technology, they were able to explore the domain from 
their own points of view.
Topobo enabled rapid implementation and the swift 
succession of the various working stages. The children were 
thus able to implement and program several different Topobo 
robots or to create one or two robots by developing new 
characters within one workshop. After the Þrst constructions, 
the children oriented themselves towards new topics by 
inventing new Topobo artifacts to be constructed (Example 4).
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Example 4: Medal Mickey
Child has just completed a Topobo robot called 
shellÞsh:
Child: I take away this shellÞshÉ. I invented a 
completely new one. I guess nobody has ever 
invented this kind of construction. This will be 
Medal MickeyÉIÕll create Metal Mickey. Metal 
Mickey. [child calls the robot Metal Mickey instead of 
Medal Mickey at this time]
Topobo required support from other media namely drawing 
and the Topobo booklet. The incident occurred after the 
completion of a few artifacts when two of the children run out of 
new ideas. Drawing served as a tool that redirected ideation and 
the consequent Þnding of topics to be implemented with 
Topobo. Example 5 and Figure 27 illustrate drawing as a media 
for redirecting ideas.
Example 5: Horse
Running out of ideas resulted in the children getting 
stuck with Topobo. ÒSo boringÓ, says a child. ÒI have 
too few ideasÓ, says another. ÒCan we draw instead of 
constructingÓ, asks an adult. The children get the 
permission to draw topics related to Topobo. One of 
the children uses the booklet as a source of 
inspiration. 
Child 1: My friend [says the name of the child] asks 
is it possible to make a horse using Topobo?
Adult: What do you think? Maybe you can make a 
horse. I think so. You could draw a horse at Þrst and 
then think about how to implement it with Topobo.
Child 2: I draw the horse already.
Adult: Oh, you drew it already. Then you could 
construct it by Topobo.
As a result of Þnding new inspiration from drawing, 
the child constructs a horse.
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Figure 27. Topobo horse artifact inspired by drawing of the horse
The stage of orientation was short with Topobo, which made 
it difÞcult to distinguish orientation from other stages of action 
and encounters regarding different properties of educational 
robotics, namely on phonology and morphology. Topobo offered 
the possibility of a smooth technical transition to managing 
Topobo robots because of the ease of implementation of 
childrenÕs own ideas. It was a construction kit that required a 
minimal amount of tutored orientation in terms of topics, tool 
and method. Since implementing of ideas was not guided by 
instructions, initiatives in orientation fully remained on 
children. With regard to a case, when a child searched for 
inspiration from the booklet, instructions guided the work, but 
the initiative to make progress was on the child. Orientation to 
Topobo was strongly child-led by giving extensive repertoire of 
options to invent Þrst Topobo artifacts.
5.1.3. RUBI
The Þrst encounters with RUBI introduced an idea of the robot 
as an appearance and visible functions to the children. Initiative 
to communicate rested with the robot, which cast the children in 
the role of observers of the functions. Initiatives that RUBI 
presented were greeting and calling out the name of the child. 
The talking robot surprised, and even confused, some of the 
children as Example 6 shows. 
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Example 6: Fright
A child comes up RUBI with an adult. They sit 
down. RUBI says hello and calls out the name of the 
child a few times. The adult greets RUBI, too. The 
child becomes scared when RUBI talks and begins to 
cry. The adult says: “What’s wrong? It is talking…I 
know it’s talking. It’s saying your name.” The child 
sits on the adult’s knees and looks at RUBI. The 
Wizard of Oz session with RUBI begins.
Some of the children showed enthusiasm towards RUBI, 
whereas some other merely looked at RUBI and made 
observations about it. In this case, the social initiatives of RUBI, 
such as greeting or calling out the name, did not seem to evoke 
observable reactions in children. Enthusiasm presents an 
example of joy and observing or looking at the RUBI robot. 
Example 7: Enthusiasm
A child comes up to RUBI. The child says: “RUBI, 
RUBI, RUBI”, jumps and is excited about the robot. 
The Wizard of Oz session begins.
Example 8: Observing
A child comes up to RUBI. RUBI says hello and the 
name of the child. The child sits down on the pillow 
next to RUBI and looks at RUBI. The Wizard of Oz 
session begins.
In the very beginning, the purpose of the functions and skills 
of RUBI remained unclear to children. The Þrst encounters with 
RUBI did not explicitly advise as to the properties and functions 
which the children could take advantage of. Therefore, the Þrst 
encounters with RUBI took place with an adult who guided the 
session and demonstrated how to play with the robot. 
The next sessions with RUBI changed orientation since the 
children had gained experience about RUBI’s properties and 
functions which they could now use for playing and interacting 
with RUBI. Instructions from adults were not needed as 
regularly as was the case with the Þrst session. Instead, the 
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children mostly knew what they could do with RUBI and how 
to play with RUBI. Gained experience also emerged expectations 
towards RUBI, which usually meant expectations in terms of 
music.
Encounters with the robot, that did not change and were 
therefore similar technology to everyone, indicated differences 
between the children’s need to orientate themselves before 
playing with RUBI. There emerged four types of orientations 
that demonstrated initiatives from the children and the robot. 
These orientations were waiting for an initiative i.e. functions 
from the robot before beginning the play with it, waiting for an 
initiative and instructions from an adult, attempts to establish 
contact with the robot (for instance by touching the screen or 
other parts of the robot). The type of orientation did not remain 
the same, but varied between the sessions. Initiation is an 
example of one of the four different orientations.
Example 9: Initiation
A child comes into the room where RUBI is. The 
child walks directly over to RUBI and touches 
RUBI’s hand. In the following session, the child 
directly makes contact with RUBI by touching the 
head and screen and by attempting to hand RUBI 
items.
A child has been familiarized with RUBI through an 
adult showing and giving items to RUBI together 
with the child. The child comes into the room alone 
where RUBI is. The child watches the screen and 
waits until RUBI presents functions. In the 
following sessions, the child touches the screen 
immediately after coming up RUBI.
A child is waiting for functions of RUBI with an 
adult. In the following sessions, the child makes 
contact with RUBI by touching it. Occasionally, the 
child stays in front of RUBI and waits for the music 
function.
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Orientation with RUBI was a strongly technology-led activity. 
The robot took an initiative and decided what to do and when to 
do. After the Þrst encounters with RUBI, the children used their 
knowledge regarding the properties and functions of RUBI, 
which was indicated by their actions. The children, for instance, 
attempted to evoke functions in RUBI especially by touching the 
screen before RUBI started its operations. The attempts however 
realized only if RUBI happened to play the function that the 
children wished for. Otherwise, the children did not have an 
option to choose the functions of RUBI.
5.2. STRUCTURE MANIPULATION
Structure manipulation was the second stage of encounters 
relating to the robotics properties in the category of morphology. 
Morphology included the properties of educational robotics as 
1)  single components, 2)  the combinations of the components, 
3)   interaction and dependencies between the components and 
4) the complete structure of the robot. In childrenÕs actions with 
educational robotics, structure manipulation meant the 
exploration and use of bricks, attachment rules and 
mechanisms, particularly as regards LEGO NXT and Topobo.
5.2.1. LEGO NXT
LEGO NEXT led the children to explore the meaning and 
functions of the bricks, NXT unit and sensors by touching, 
experimenting and observing, or by resorting to the instruction 
booklet. Not only did the children investigate the different 
functions by connecting the bricks; they also explored the 
capabilities of the new bricks by using their senses to an extent 
that it exceeded that which the bricks could support 
(Example 10).
Example 10: Senses
One child blew into NXT’s sound sensor and tried to 
listen for a response which did not happen. Another 
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child peered through NXT’s light sensor to see 
something, repeatedly pressing NXT’s touch sensor 
and shufßing bricks for a long period of time. 
Another child turned the axle in the Topobo motor 
and listened to the sound it made.
In combining bricks together, the children had to master a 
new method of construction that involves attaching bricks to 
one another by means of a connector rather than the method of 
direct attachment that is characteristic of LEGO® RIS bricks. 
Implementing of a self-designed robot was option after 
completing the Þrst robotic project from the instructions. 
However, construction without the book was too difÞcult for 
most of them. Only one child, who was experienced in 
constructing, was able to understand the possibilities and 
limitations of the LEGO NXT kit and thereupon to plan a self-
designed robot. Seven out of eight children were not able to 
carry out their own designs, which forced them to change their 
plan and to choose a LEGO model. The change required 
intervention and support from the adults in every situation, but 
brought the children back into the autonomous construction of 
the robot. The children therefore followed the instructions 
literally, which caused them to avoid self-made variations to the 
robot. 
Working with the structure required the reading of 
instructions, identifying and Þnding of bricks based on shape, 
size and color and attaching the selected bricks. Regarding 
LEGO NXT robot artifacts, instructions directed construction 
and showed the correct process to the children. When problems 
in construction emerged as difÞculties to connect a brick or a 
component, the children recognized misconstructions relatively 
easily and localized the problem by comparing the robot artifact 
to the instruction. The longer a child worked on a construction, 
the easier it was for the child to accept the necessity for 
reconstruction required by a mistake and the easier it was for 
the child to resolve the problem with minor facilitation by the 
adults or the other children. Regarding self-designed robot 
artifacts, interaction with the bricks guided the child’s 
construction process and inspired work through the difÞcult 
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phases. The problem solving required more creativity and self-
found solutions as concerns the self-designed robot. Example 11 
presents discussions between the child and adults as an example 
of the problem-solving process where the child has an initiative 
to develop the robot and Þnds solutions to emerging challenges 
(Example 11).
Example 11: Constructing
Adult 1: What’s your next step with the robot?
Child: I need to work on those caterpillar treads next. 
[The child sets the components on the table and tests 
the position of the caterpillar treads]
…
Adult 2: Oh, you attached the caterpillar treads 
already.
Child: Look, I donÕt Þnd a brick.
Adult 2: What kind of brick do you need?
Child: I need this kind of brick. Could you help me?
Adult 2: (shows a brick) Is it this one?
Child: I need to think about it.
….
The workshop is ending soon and the adults advise 
the children to stop working.
Adult 2: You can continue next time.
Child: (irks and exclaims) It takes two weeks to the 
next time!
The child continues with the construction. One 
caterpillar tread is completed. The child table test 
functions of the construction and Þts possible 
positions of the components.
Child: I should add the motor…
Adult 3: Should add the motor on next time?
Child: Then this turns on [sets the motor on the 
construction] and the grab goes like this [shows the 
position of the grab]. Then the grab maybe looks like 
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this [demonstrates the function]... Then it hits like 
this [demonstrates the function]. At Þrst I should 
just put those together. I mean all of these [shows 
component one by one] must be attached and then 
this is ready.
Even though the number of available bricks was limited, the 
difÞculty of Þnding the correct brick for a particular purpose 
was the most common problem that children encountered 
during construction. The children asked the adults to assist 
them in Þnding a missing brick or identifying a misconstruction. 
Inserting a defective component into a robot or becoming 
stuck at some other point produced annoyance. The wish to 
construct with the LEGO RIS and prejudiced views towards 
LEGO NXT preceded such a situation in the Þrst two workshops 
(Example 12). After having worked with the robot for only for a 
short time, some of the children tended to give up easily and 
this weakened their desire to solve emergent problems by 
themselves.
Example 12: DifÞculties
Child: CanÕt we work with the older LEGO kit?
Adult: This is the kit that we are using now. We have 
talked about this quite a few times already. So, look at 
the instructions and check if two grabs are needed.
Child: But we already misconstructed a thing. This 
phase that we constructed does not even exist. So, 
now we cannot construct at all.
The meaning of the model robot artifact remained hidden to 
some of the children during structure manipulation, which the 
repetition of the question Òwhat is this going to be?Ó indicated. 
The identity of the robot was revealed to everyone at the latest 
when the artifact had been completed, but often only as a stable 
device. 
Observations and speculation about the robustness of the 
robot took place in table tests and battles where the construction 
of the completed robot artifact was evaluated against otherÕs 
robots. Compared to the evaluation of the correctness during 
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phases. The problem solving required more creativity and self-
found solutions as concerns the self-designed robot. Example 11 
presents discussions between the child and adults as an example 
of the problem-solving process where the child has an initiative 
to develop the robot and Þnds solutions to emerging challenges 
(Example 11).
Example 11: Constructing
Adult 1: What’s your next step with the robot?
Child: I need to work on those caterpillar treads next. 
[The child sets the components on the table and tests 
the position of the caterpillar treads]
…
Adult 2: Oh, you attached the caterpillar treads 
already.
Child: Look, I donÕt Þnd a brick.
Adult 2: What kind of brick do you need?
Child: I need this kind of brick. Could you help me?
Adult 2: (shows a brick) Is it this one?
Child: I need to think about it.
….
The workshop is ending soon and the adults advise 
the children to stop working.
Adult 2: You can continue next time.
Child: (irks and exclaims) It takes two weeks to the 
next time!
The child continues with the construction. One 
caterpillar tread is completed. The child table test 
functions of the construction and Þts possible 
positions of the components.
Child: I should add the motor…
Adult 3: Should add the motor on next time?
Child: Then this turns on [sets the motor on the 
construction] and the grab goes like this [shows the 
position of the grab]. Then the grab maybe looks like 
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construct with the LEGO RIS and prejudiced views towards 
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(Example 12). After having worked with the robot for only for a 
short time, some of the children tended to give up easily and 
this weakened their desire to solve emergent problems by 
themselves.
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Child: CanÕt we work with the older LEGO kit?
Adult: This is the kit that we are using now. We have 
talked about this quite a few times already. So, look at 
the instructions and check if two grabs are needed.
Child: But we already misconstructed a thing. This 
phase that we constructed does not even exist. So, 
now we cannot construct at all.
The meaning of the model robot artifact remained hidden to 
some of the children during structure manipulation, which the 
repetition of the question Òwhat is this going to be?Ó indicated. 
The identity of the robot was revealed to everyone at the latest 
when the artifact had been completed, but often only as a stable 
device. 
Observations and speculation about the robustness of the 
robot took place in table tests and battles where the construction 
of the completed robot artifact was evaluated against otherÕs 
robots. Compared to the evaluation of the correctness during 
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construction, the evaluation of the completed robot was 
subjective. Table test is an example of evaluation.
Example 13: Table test: 
Child tests the robot by moving it forwards and 
backwards on the table, and by opening the pincers 
manually. 
Child: This tire is bad because it warps.
Adult: Yes, perhaps the robot pushes it down a bit.
Child: The third tire is however needed because the 
robot doesn’t otherwise stay in the balance…I just 
raised this light sensor, because it hit the ßoor. It 
cannot be used in darkness.
The complete robot artifacts hinted at potential functions that 
the children speculated about in manual tests and battles 
between the robots before programming the robot. Example 14 
illustrates expected functions to be programmed into the robot. 
To the children, some of the properties appeared as animated 
skills as Example 15 (on laugh) refers to.
Example 14: Battle
Children have tested the functions of the robot during 
a battle between two robots. They have not 
programmed the robots yet, but are using 
demonstrations from the NXT unit and they are 
moving the working parts manually. Child 1 
evaluates the functions after the battle:
Child 1: When this robot is Þghting, this cannot Þght 
back.
Child 2: Yes it can Þght back! The robot opens the 
pincers and this sting eats a head, tsiu-tsiu-tsiu 
[demonstrates the sound].
Child 1: But the picture shows that these pincers goes 
like this [demonstrates the pincers].
Child 2: It would be nice to be a scorpion!
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Example 15: Laugh
Two children are constructing their robot. A sound is 
heard from someone’s computer.
Child: Hey, listen! Can this robot talk?
Adult: How could it talk? What do you think?
Child: Can it talk…say something? Like laughing 
“ha-ha-ha”.
Adult: If there’re such commands in the NXT-G that 
make sounds then you can get sounds out of the 
robot, and make the robot laugh in that way. 
Structure manipulation based on model LEGO NEXT robots 
and self-designed models resulted in two LEGO NXT Tribots 
called crab (Figure 28), two LEGO NXT Spikes called a scorpion, 
two LEGO NXT Alpha Rexes called Humanoid and King Kong, 
one LEGO NXT RoboArm T-56 and one self-designed device 
called Tank (Figure   28). Table   9 presents the planned and 
implemented LEGO NXT artifacts.
 
Figure 28. LEGO Mindstorms NXT constructions: model construction (left), 
self-designed construction (right)
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To the children, some of the properties appeared as animated 
skills as Example 15 (on laugh) refers to.
Example 14: Battle
Children have tested the functions of the robot during 
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demonstrations from the NXT unit and they are 
moving the working parts manually. Child 1 
evaluates the functions after the battle:
Child 1: When this robot is Þghting, this cannot Þght 
back.
Child 2: Yes it can Þght back! The robot opens the 
pincers and this sting eats a head, tsiu-tsiu-tsiu 
[demonstrates the sound].
Child 1: But the picture shows that these pincers goes 
like this [demonstrates the pincers].
Child 2: It would be nice to be a scorpion!
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“ha-ha-ha”.
Adult: If there’re such commands in the NXT-G that 
make sounds then you can get sounds out of the 
robot, and make the robot laugh in that way. 
Structure manipulation based on model LEGO NEXT robots 
and self-designed models resulted in two LEGO NXT Tribots 
called crab (Figure 28), two LEGO NXT Spikes called a scorpion, 
two LEGO NXT Alpha Rexes called Humanoid and King Kong, 
one LEGO NXT RoboArm T-56 and one self-designed device 
called Tank (Figure   28). Table   9 presents the planned and 
implemented LEGO NXT artifacts.
 
Figure 28. LEGO Mindstorms NXT constructions: model construction (left), 
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Table 9. LEGO NXT artifacts planned and implemented by the children
Plans for 
implementation
Implemented artifacts (from the 
model)
Implemented 
artifacts (self-
designed)
Rally Car
Submarine
Loading shovel
Tank
LEGO NXT Tribot called crab 
LEGO NXT Spikes called scorpion 
LEGO NXT Alpha Rex called 
Humanoid and King Kong 
LEGO NXT RoboArm T-56
Tank
Structure manipulation of LEGO NXT was twofold regarding 
the promoting and preventing properties of robotics kit and the 
role of robotics kit and children in directing activities in the 
orientation stage. Regarding technical properties, robotics kits 
introduced new bricks and rules for constructing, but with the 
exception of one self-made robotics artifact the children could 
not fully take advantage of the building blocks for their own 
robot designs. Even though LEGO NXT instructions directed 
structure manipulation, achieving progress in construction 
required the children’s full contribution.
5.2.2. Topobo
Immediate access to act with Topobo enabled discovery 
regarding the bricks and the rules of connecting the bricks, 
which generated complete robotic artifacts in a moment. The 
children took initiative in the structure manipulation stage, 
which appeared as instant steps in constructing a Topobo 
artifact. The beginning of construction was explorative as the 
children investigated the forms of the bricks, possibilities to 
connect them and to create varied shapes. Progression in 
construction did not require knowledge regarding the bricks but 
courage to explore diverse combinations for the bricks. 
Topobo itself structured the work and inspired the children 
through its round shapes and richness of color. DifÞculties with 
the construction bricks were minor and related only to the tool 
itself, not the mechanisms of construction. Children, for 
instance, loosened the bricks by bending, which broke the 
connectors in the bricks.
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Functions of the actives and passives were not taken into 
account at Þrst, but were recognized in the following phases of 
manipulation. In the beginning, many of the children 
constructed round shapes by connecting Topobo bricks. Round 
shapes, such as bracelets, were developed further by adding an 
Active to make the artifact move. 
Topobo evolved, in the hands of children, from 2D-Þgures to 
3D-Þgures in which the Actives and the Queens (which are used 
to control the Actives) were integrated. The children started 
with simple Þgures and continued to more advanced artifacts. 
Integrating, at Þrst, an active into the multidimensional 
construction and then a queen as well, improved the 
constructions and enabled the artifact to move. Topobo artifacts, 
belonging to the different levels of manipulation, are presented 
in Table 10.
The technical capacities of the robots were improved step by 
step. Certain children who had already had some minor 
experience in the use of other construction kits began by 
constructing 2D-Þgures and then continued by extending their 
2D-Þgures into 3D-Þgures (Figure 29). A child, who already had 
previous experience of construction kits such as LEGO or 
Bionicle, immediately began constructing 3D-Þgures. This child 
also had spin-off ideas and thought of adding bricks from other 
construction kits to Topobo as Example 16 presents.
Example 16: Lego
Child is constructing an imaginary Topobo artifact. 
Child: By the way…some bricks from Bionicle could 
be added to Topobo, for example a light sword or a 
bullet gun.
Adult: Do you think they can be attached properly to 
Topobo?
Child: Yes, because here is space for one light sword 
or a bullet gun.
Topobo evoked planning of functions for the robot during its 
construction. In this case, children had a clear vision regarding 
the prospective robot in their mind. The development of 
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Table 9. LEGO NXT artifacts planned and implemented by the children
Plans for 
implementation
Implemented artifacts (from the 
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Implemented 
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Humanoid and King Kong 
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Structure manipulation of LEGO NXT was twofold regarding 
the promoting and preventing properties of robotics kit and the 
role of robotics kit and children in directing activities in the 
orientation stage. Regarding technical properties, robotics kits 
introduced new bricks and rules for constructing, but with the 
exception of one self-made robotics artifact the children could 
not fully take advantage of the building blocks for their own 
robot designs. Even though LEGO NXT instructions directed 
structure manipulation, achieving progress in construction 
required the children’s full contribution.
5.2.2. Topobo
Immediate access to act with Topobo enabled discovery 
regarding the bricks and the rules of connecting the bricks, 
which generated complete robotic artifacts in a moment. The 
children took initiative in the structure manipulation stage, 
which appeared as instant steps in constructing a Topobo 
artifact. The beginning of construction was explorative as the 
children investigated the forms of the bricks, possibilities to 
connect them and to create varied shapes. Progression in 
construction did not require knowledge regarding the bricks but 
courage to explore diverse combinations for the bricks. 
Topobo itself structured the work and inspired the children 
through its round shapes and richness of color. DifÞculties with 
the construction bricks were minor and related only to the tool 
itself, not the mechanisms of construction. Children, for 
instance, loosened the bricks by bending, which broke the 
connectors in the bricks.
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Functions of the actives and passives were not taken into 
account at Þrst, but were recognized in the following phases of 
manipulation. In the beginning, many of the children 
constructed round shapes by connecting Topobo bricks. Round 
shapes, such as bracelets, were developed further by adding an 
Active to make the artifact move. 
Topobo evolved, in the hands of children, from 2D-Þgures to 
3D-Þgures in which the Actives and the Queens (which are used 
to control the Actives) were integrated. The children started 
with simple Þgures and continued to more advanced artifacts. 
Integrating, at Þrst, an active into the multidimensional 
construction and then a queen as well, improved the 
constructions and enabled the artifact to move. Topobo artifacts, 
belonging to the different levels of manipulation, are presented 
in Table 10.
The technical capacities of the robots were improved step by 
step. Certain children who had already had some minor 
experience in the use of other construction kits began by 
constructing 2D-Þgures and then continued by extending their 
2D-Þgures into 3D-Þgures (Figure 29). A child, who already had 
previous experience of construction kits such as LEGO or 
Bionicle, immediately began constructing 3D-Þgures. This child 
also had spin-off ideas and thought of adding bricks from other 
construction kits to Topobo as Example 16 presents.
Example 16: Lego
Child is constructing an imaginary Topobo artifact. 
Child: By the way…some bricks from Bionicle could 
be added to Topobo, for example a light sword or a 
bullet gun.
Adult: Do you think they can be attached properly to 
Topobo?
Child: Yes, because here is space for one light sword 
or a bullet gun.
Topobo evoked planning of functions for the robot during its 
construction. In this case, children had a clear vision regarding 
the prospective robot in their mind. The development of 
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elephant is an example given below (Example 17, see also two-
dimensional elephant in Figure 29.)
Example 17: Elephant
Child is constructing an elephant while two other 
children are testing their Topobo robots.
Child 1: This doesn’t move. This will wag the trunk 
and also the tail.
Child 2: My robot is moving.
Child 1: My robot won’t move at all.
Adult: Your robot won’t move? What is it?
Child 1: This is not ready yet.
Adult: Do you want to make it to move somehow?
Child 1: No.
 
Figure 29. Two and three dimensional Topobo elephants
Situations that prevented action with Topobo were as a result 
of difÞculties that had emerged because of bricks stuck together 
tightly and broken connectors which became lodged into the 
bricks. Otherwise the handling of the bricks went smoothly.
Instructions were not necessary with Topobo. One child 
wanted to construct a robot from the model in the booklet after 
completing several self-designed Topobo robots. Constructing 
from the model required interpreting the pictures, identifying 
the bricks and Þnding similar bricks. Different colored bricks in 
the booklet and the Topobo kit being used resulted in challenges 
following instructions and Þnding bricks based on their shape 
only. Occasionally the instruction booklet led children to 
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misperceive two separate bricks that had been rolled into one, or 
bricks that had different colors but similar shapes. Constructing 
a ÒbugÓ is an example which highlights difÞculties with 
instructions.
Example 18: Bug
Child: What on earth is this brick [gesturing to the 
picture in the instruction booklet]?
Adult: OK, I will help you. Is it like this? I need to 
search a bit.
Child: There’s not even such a thing like that brick!
Adult: Does that look like bent?
Child: Yeah, but that one looks like a big one…that 
has a neck [in the picture].
Adult: Could it be like this…[Þnds a brick] I don’t 
know exactly.
Child: Hey, I think it is like that!
…
Child: I have a problem now.
Adult: What kind of problem?
Child: Well, how to connect this brick to this one. I 
mean, look. So, I’m in this phase already [points at a 
picture in the booklet].
Adult: Have you attached the body yet?
Child: Yes, it is this part...and what to add here?
Adult: Is there something below [in picture]?
Child: Like this?
Child: Well, in the booklet it is so clearly right here. 
Then the construction would be like this.
Adult: Is the direction correct? Or could the position 
of the brick be the opposite?
…
Adult: Did you complete the bug?
Child: No.
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elephant is an example given below (Example 17, see also two-
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misperceive two separate bricks that had been rolled into one, or 
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a ÒbugÓ is an example which highlights difÞculties with 
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Adult: OK, I will help you. Is it like this? I need to 
search a bit.
Child: There’s not even such a thing like that brick!
Adult: Does that look like bent?
Child: Yeah, but that one looks like a big one…that 
has a neck [in the picture].
Adult: Could it be like this…[Þnds a brick] I don’t 
know exactly.
Child: Hey, I think it is like that!
…
Child: I have a problem now.
Adult: What kind of problem?
Child: Well, how to connect this brick to this one. I 
mean, look. So, I’m in this phase already [points at a 
picture in the booklet].
Adult: Have you attached the body yet?
Child: Yes, it is this part...and what to add here?
Adult: Is there something below [in picture]?
Child: Like this?
Child: Well, in the booklet it is so clearly right here. 
Then the construction would be like this.
Adult: Is the direction correct? Or could the position 
of the brick be the opposite?
…
Adult: Did you complete the bug?
Child: No.
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Adult: There’s not much missing. Just add the legs.
Child: Yes, and look. What is this [points at a broken 
connector in a brick]?
Adult: Could you use some other brick? That one 
seems to be broken.
Child: I need to take this…how on earth this is going 
to work? I have never seen.
…
Child: I just don’t get these bricks together correctly!
Adult: How is it going? You have done so Þne 
already. Only the legs need to be added.
Child: Yes, but here’s a problem with the legs. Here’s 
a brick that I don’t understand at all! Look, we don’t 
understand whether this is a small one or a big one.
Adult: Could I help you? Let’s see…
Child: [points a picture in the booklet] small this kind 
of brick or big this kind of brick?
…
Child continues constructing a Topobo model from 
the booklet, interprets the instructions, and works 
out a solution. The bug is completed at the end of the 
workshop.
The structure of the artifact was evaluated based on 
properties and functionality before programming. Only in the 
case of constructing the robot from the instruction, the child 
evaluated correctness of the artifact by comparing the robot and 
instruction. Grind in Example  19 and elephant in Example  20 
present demonstrations for the evaluation of the Topobo artifact.
Example 19: Grind (demonstrating the function before 
programming)
A child creates an artifact that includes more complex 
structures and functions. The animal type artifact 
has a long handle that the child can grind back and 
forth. 
Child: Robo Topobo. I’ll add a grind here.
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Adult: What is grind?
Child: Grind is for making the robot move, for 
grinding. I’ll grind this Robo Topobo to turn it on.
…
Child: I show you how to grind [the artifact]. Like 
this [demonstrates the function]
Adult: What happens next?
Child: It goes on, but only after I have attached the 
cable.
Example 20: Evaluation
Child: I’m deciding if I should put an extra leg here, 
even though this has four legs already.
…
Child: I did one more leg here so that the elephant 
keeps his balance.
Child: Oops, this leg is too long!
Adult: One leg is too long? Should you lengthen the 
shorter leg?
Child: (gives a laugh) Yes. But how? (The child 
continues to ponder the problem). 
Topobo had the capacity to encourage children to produce 
artifacts other than technical ones, even though Topobo was a 
technical tool that is designed primarily to assist learners to 
master technical and scientiÞc subjects. This capacity probably 
derived from the colors and shapes of the Topobo bricks, as can 
be seen from the various imaginary and animal artifacts that the 
children named (Table 10). 
The robot constructions made by the children indicated that 
they experienced Topobo less as a machine or technical device 
and more as a natural or imaginary tool that lent itself to the 
construction of imaginary and animal characters with various 
imaginative functions which they themselves identiÞed.
Structure manipulation, after programming and testing the 
robot, evoked changing the name of the robot. A number of 
different constructions and the use of imagination indicated 
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The robot constructions made by the children indicated that 
they experienced Topobo less as a machine or technical device 
and more as a natural or imaginary tool that lent itself to the 
construction of imaginary and animal characters with various 
imaginative functions which they themselves identiÞed.
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robot, evoked changing the name of the robot. A number of 
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Topobo’s potential to support children’s creativity towards 
implementing their own artifacts. 
Table 10. Examples of Topobo artifacts created and named by the children
Animals and human 
beings
Imaginary artifacts Devices and items
Human being
Spider
Ant
Horse
Elephant
Flower
Bug
Head of swan
Shellfish
Nest without a bird
Swinging nest
Beetles
Crab
Transsore
Airship 333
New teddy
Metal Mickey aka Medal 
robot
Robo Prooton
Robo Prooton’s laser 
gun
Toporopobo
Multishredderspider
Vetskari Vellu (Vellu the 
Zip)
Möyrijä (“digger”)
Device for rising and 
devising
Bracelet
Trinket
Power cables
Grind
Handbag
Round shapes
Plane
“Sampo” inspired from 
the national epic 
Kalevala
Topobo facilitated the emergence of imagination in the 
actions of the children. Individual interest, chosen topics and 
descriptions of the functions of the Topobo robots demonstrate 
that the children explicitly expressed their thoughts and ideas 
through the artifacts that they constructed by using Topobo. 
Since these models were entirely devised on their own, it 
indicated that their powers of imagination were more 
stimulated by awarding them the freedom to construct whatever 
they wanted to construct rather than asking them to reproduce 
the models contained in the Topobo booklet or some another 
given task. The extent to which their imagination was 
stimulated can be deduced from the rich and detailed 
descriptions that the children provided to explain their self-
deÞned robots. An example is Robo Prootono.
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Example 21: Robo Prootono:
Adult: How is your robot?
Child: This is Robo Prootono. Prootono is making 
progress [The child attaches bricks to the 
construction].
Adult: What kind of features do your robot have?
Child: Talks like a caveman, swears, takes care of 
housework, does the dishes, cooks and shoots a 
plasma laser.
Adult: Quite a lot of functions.
Child: I have invented even more for another robot.
Structure manipulation was child-driven action, since the 
children implemented ideas by themselves through 
constructing. Topobo implicitly directed the process through the 
mechanisms and rules of construction, or explicitly directed 
structure manipulation as per instructions from the booklet. 
Whether the direction was implicit or explicit, Topobo was in 
children’s possession as long as they moved on with the work.
5.2.3. RUBI
In contrast to the programmable construction kits, LEGO NXT 
and Topobo, the structure of the social robot RUBI was not 
manipulative. Since RUBI’s main aim was to play and interact 
with the children, structure manipulation would not have been 
an expedient activity. The young children’s actions did not 
reveal attempts at structure manipulation, except occasional 
attempts to open the RUBI suitcase.
5.3. FUNCTION MANIPULATION
Function manipulation of the robot was the third stage of 
encounters and it linked to the syntax of educational robotics. 
Syntax related to 1)   functions ready in the robot, 2)  rules for 
function construction, 3)   constructing of functions, 
4)   interpreting of functions and 5)   changing of functions. 
Functions were manipulated either by programming in 
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Topobo’s potential to support children’s creativity towards 
implementing their own artifacts. 
Table 10. Examples of Topobo artifacts created and named by the children
Animals and human 
beings
Imaginary artifacts Devices and items
Human being
Spider
Ant
Horse
Elephant
Flower
Bug
Head of swan
Shellfish
Nest without a bird
Swinging nest
Beetles
Crab
Transsore
Airship 333
New teddy
Metal Mickey aka Medal 
robot
Robo Prooton
Robo Prooton’s laser 
gun
Toporopobo
Multishredderspider
Vetskari Vellu (Vellu the 
Zip)
Möyrijä (“digger”)
Device for rising and 
devising
Bracelet
Trinket
Power cables
Grind
Handbag
Round shapes
Plane
“Sampo” inspired from 
the national epic 
Kalevala
Topobo facilitated the emergence of imagination in the 
actions of the children. Individual interest, chosen topics and 
descriptions of the functions of the Topobo robots demonstrate 
that the children explicitly expressed their thoughts and ideas 
through the artifacts that they constructed by using Topobo. 
Since these models were entirely devised on their own, it 
indicated that their powers of imagination were more 
stimulated by awarding them the freedom to construct whatever 
they wanted to construct rather than asking them to reproduce 
the models contained in the Topobo booklet or some another 
given task. The extent to which their imagination was 
stimulated can be deduced from the rich and detailed 
descriptions that the children provided to explain their self-
deÞned robots. An example is Robo Prootono.
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Example 21: Robo Prootono:
Adult: How is your robot?
Child: This is Robo Prootono. Prootono is making 
progress [The child attaches bricks to the 
construction].
Adult: What kind of features do your robot have?
Child: Talks like a caveman, swears, takes care of 
housework, does the dishes, cooks and shoots a 
plasma laser.
Adult: Quite a lot of functions.
Child: I have invented even more for another robot.
Structure manipulation was child-driven action, since the 
children implemented ideas by themselves through 
constructing. Topobo implicitly directed the process through the 
mechanisms and rules of construction, or explicitly directed 
structure manipulation as per instructions from the booklet. 
Whether the direction was implicit or explicit, Topobo was in 
children’s possession as long as they moved on with the work.
5.2.3. RUBI
In contrast to the programmable construction kits, LEGO NXT 
and Topobo, the structure of the social robot RUBI was not 
manipulative. Since RUBI’s main aim was to play and interact 
with the children, structure manipulation would not have been 
an expedient activity. The young children’s actions did not 
reveal attempts at structure manipulation, except occasional 
attempts to open the RUBI suitcase.
5.3. FUNCTION MANIPULATION
Function manipulation of the robot was the third stage of 
encounters and it linked to the syntax of educational robotics. 
Syntax related to 1)   functions ready in the robot, 2)  rules for 
function construction, 3)   constructing of functions, 
4)   interpreting of functions and 5)   changing of functions. 
Functions were manipulated either by programming in 
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graphical and graspable user interfaces or by shaping behavior 
for instance by presenting social cues. Syntax refers to the 
behavioral rules of the robots which appeared in children’s 
actions when they created functions for the robots’ behavior by 
programming and exploring different ways to interact with 
robots by using said robots’ existing functions as a medium to 
change its behavior.
5.3.1. LEGO NXT
Function manipulation required a comprehensive 
understanding of the robot artifact that children had 
constructed. NXT-G that was used for programing, was not 
readily accessible to the children, but required an introduction 
session by adults. Created functions were either deÞned by the 
adults or LEGO or ideated by the children themselves. The 
content which the adults introduced to the children in the group 
was based on basics including the introduction to NXT-G in 
general terms, creating a command and deÞning its properties, 
downloading the program to the NXT unit and running the 
program.
Function manipulation started from the manipulation of 
actuators that were programmed to make the robot move by 
single commands. Movement was the Þrst function created by 
the children after receiving a short introduction about NXT-G 
from adults. Loop structure was derived from simple 
movements and introduced to the children as a given task of 
square. Some children experienced the given task and the 
writing of an algorithm as difÞcult as in the Example   22 
presented.
Example 22: Square
Two children programmed the robot to walk in a square. 
Tests on the ßoor revealed mistakes in the program. The 
children went back to re-programming the robot.
Child 1: How on earth can this even go in a square? 
This is so difÞcult!
Adult: WhatÕs difÞcult?
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Child 1: So, how do we make this robot walk in a 
square?
Adult: At ÞrstÉthink about one side. How do you 
make it move to one side? Look at that picture on the 
ßap board. The robot starts here. It goes here at Þrst, 
and then it changes direction here, and then goes 
here.
Child 1: Ok. Forward Þrst.
Adult: (follows the children writing a program) Yes. So, 
forward at ÞrstÉjust add one command after another, 
ok?
The children continue the work by reading the program 
and making changes to it.
Another actuator in the function manipulation was sound 
that was heard during exploring the properties of NXT-G and 
from a demonstration in NXT-G and that emerged fascination 
among the children. Therefore, not only observing the visible 
functions of one’s own robot, but also noticing functions in other 
LEGO NXT robots by seeing and hearing arrested children’s 
attention and forwarded function manipulation. Received 
information from the others in order to implement sound 
functions in the task of square resulted in the sharing of 
knowledge with others. 
Example 23 demonstrates Þnding and using a command and 
sharing knowledge with others. As the end of the example 
illustrates, sharing extends from the original issues of sound to 
the general structure of the commands. 
Example 23: Making sounds
Child 1: (exploring commands) How does one get 
sounds?
Adult: What command looks like a sound?
Child 1: IsnÕt it this?
Adult: No, thatÕs wait for sound, meaning that you 
can control the robot by using sound.
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graphical and graspable user interfaces or by shaping behavior 
for instance by presenting social cues. Syntax refers to the 
behavioral rules of the robots which appeared in children’s 
actions when they created functions for the robots’ behavior by 
programming and exploring different ways to interact with 
robots by using said robots’ existing functions as a medium to 
change its behavior.
5.3.1. LEGO NXT
Function manipulation required a comprehensive 
understanding of the robot artifact that children had 
constructed. NXT-G that was used for programing, was not 
readily accessible to the children, but required an introduction 
session by adults. Created functions were either deÞned by the 
adults or LEGO or ideated by the children themselves. The 
content which the adults introduced to the children in the group 
was based on basics including the introduction to NXT-G in 
general terms, creating a command and deÞning its properties, 
downloading the program to the NXT unit and running the 
program.
Function manipulation started from the manipulation of 
actuators that were programmed to make the robot move by 
single commands. Movement was the Þrst function created by 
the children after receiving a short introduction about NXT-G 
from adults. Loop structure was derived from simple 
movements and introduced to the children as a given task of 
square. Some children experienced the given task and the 
writing of an algorithm as difÞcult as in the Example   22 
presented.
Example 22: Square
Two children programmed the robot to walk in a square. 
Tests on the ßoor revealed mistakes in the program. The 
children went back to re-programming the robot.
Child 1: How on earth can this even go in a square? 
This is so difÞcult!
Adult: WhatÕs difÞcult?
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Child 1: So, how do we make this robot walk in a 
square?
Adult: At ÞrstÉthink about one side. How do you 
make it move to one side? Look at that picture on the 
ßap board. The robot starts here. It goes here at Þrst, 
and then it changes direction here, and then goes 
here.
Child 1: Ok. Forward Þrst.
Adult: (follows the children writing a program) Yes. So, 
forward at ÞrstÉjust add one command after another, 
ok?
The children continue the work by reading the program 
and making changes to it.
Another actuator in the function manipulation was sound 
that was heard during exploring the properties of NXT-G and 
from a demonstration in NXT-G and that emerged fascination 
among the children. Therefore, not only observing the visible 
functions of one’s own robot, but also noticing functions in other 
LEGO NXT robots by seeing and hearing arrested children’s 
attention and forwarded function manipulation. Received 
information from the others in order to implement sound 
functions in the task of square resulted in the sharing of 
knowledge with others. 
Example 23 demonstrates Þnding and using a command and 
sharing knowledge with others. As the end of the example 
illustrates, sharing extends from the original issues of sound to 
the general structure of the commands. 
Example 23: Making sounds
Child 1: (exploring commands) How does one get 
sounds?
Adult: What command looks like a sound?
Child 1: IsnÕt it this?
Adult: No, thatÕs wait for sound, meaning that you 
can control the robot by using sound.
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Child 1: How can I record sounds to the robot? Or 
can I record at all?
The child continues exploring of the functions.
…
Sound “Hello! Hurray!” is heard from child’s 
computer.
Other children turn to look at the child. Someone 
asks: Where did that sound come from? Two of the 
other children come to see the program.
Child 1: Look, now there’s a sound in the robot! 
Come closer so you’ll hear it.
Child 2 bends down to listen to the sound and laughs 
after hearing it.
…
Child 1 is absorbed in exploring the functions and 
programming autonomously. The child reprograms 
the robot and records sounds with Child 2. When 
sound “ha-ha-ha!” is heard from the NXT-G, two 
other children begin to laugh.
Child 3: How did you do that? (Goes to see the Child 
1’s program)
Child 4: (farther) That was a good sound!
…. 
Child 3 continues programming with the pair and 
adds sound commands in the program. There are two 
sound commands after a dozen move commands in 
the program. They write a program and listen to 
different sounds.
Child 1: (comes to see the program) How did you do 
that?
Child 3: I don’t even know! It just…I just found it 
somewhere.
…
The children look at the program together and talk 
about what the commands are and where the 
commands have been found. They drop by to see each 
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other programs for a while and then continue own 
work.
…
Child 1 is deÞning properties for a command brick.
Child 1: This is good! This will be so much fun!
Child 3: How did you change the position of the 
command line? Hey, come here…
Child 1 goes to check the problem. 
Later they test their robots in a battle.
There were two issues that produced misunderstanding in 
the very beginning of function manipulation. Telling the 
difference between demonstration programs in the NXT unit 
and behaviors created by programming by NXT-G was one. 
Another related to understanding the location of the created 
program.
Example 24 shows how demonstration programs in the NXT 
unit made the robot move, which confused some children 
mistakenly to think they have programmed the robot by 
themselves. In the example one child has tested the robot by 
using a demonstration program of the NXT unit and observed 
some malfunctions. Another child explains reasons for 
malfunction.
Example 24: Running a demo
Adult: Think about your robot. What could it to do? 
Talk with your pairÉLook at the bricks and 
components of your robot. What could they to do?
Child: I can explain why the spike in that robot 
doesn’t move.
Adult: Why not?
Child: Look, it is connected to the A port of course. 
When you play a demo, it doesnÕt move if itÕs 
connected to A.
Adult: Yes. It must be programmed. If it is 
constructed correctly, it will work after 
programming.
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Child 1: How can I record sounds to the robot? Or 
can I record at all?
The child continues exploring of the functions.
…
Sound “Hello! Hurray!” is heard from child’s 
computer.
Other children turn to look at the child. Someone 
asks: Where did that sound come from? Two of the 
other children come to see the program.
Child 1: Look, now there’s a sound in the robot! 
Come closer so you’ll hear it.
Child 2 bends down to listen to the sound and laughs 
after hearing it.
…
Child 1 is absorbed in exploring the functions and 
programming autonomously. The child reprograms 
the robot and records sounds with Child 2. When 
sound “ha-ha-ha!” is heard from the NXT-G, two 
other children begin to laugh.
Child 3: How did you do that? (Goes to see the Child 
1’s program)
Child 4: (farther) That was a good sound!
…. 
Child 3 continues programming with the pair and 
adds sound commands in the program. There are two 
sound commands after a dozen move commands in 
the program. They write a program and listen to 
different sounds.
Child 1: (comes to see the program) How did you do 
that?
Child 3: I don’t even know! It just…I just found it 
somewhere.
…
The children look at the program together and talk 
about what the commands are and where the 
commands have been found. They drop by to see each 
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other programs for a while and then continue own 
work.
…
Child 1 is deÞning properties for a command brick.
Child 1: This is good! This will be so much fun!
Child 3: How did you change the position of the 
command line? Hey, come here…
Child 1 goes to check the problem. 
Later they test their robots in a battle.
There were two issues that produced misunderstanding in 
the very beginning of function manipulation. Telling the 
difference between demonstration programs in the NXT unit 
and behaviors created by programming by NXT-G was one. 
Another related to understanding the location of the created 
program.
Example 24 shows how demonstration programs in the NXT 
unit made the robot move, which confused some children 
mistakenly to think they have programmed the robot by 
themselves. In the example one child has tested the robot by 
using a demonstration program of the NXT unit and observed 
some malfunctions. Another child explains reasons for 
malfunction.
Example 24: Running a demo
Adult: Think about your robot. What could it to do? 
Talk with your pairÉLook at the bricks and 
components of your robot. What could they to do?
Child: I can explain why the spike in that robot 
doesn’t move.
Adult: Why not?
Child: Look, it is connected to the A port of course. 
When you play a demo, it doesnÕt move if itÕs 
connected to A.
Adult: Yes. It must be programmed. If it is 
constructed correctly, it will work after 
programming.
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Example 25 about malfunction in grabs indicates digesting of 
the fact that the robot performs only the functions that are 
programmed and transferred to it. In this case, a new program 
was not transferred into the robot.
Example 25: Malfunction in grabs
A child has programmed a robot that is supposed to 
close the grabs after recognizing a sound from the 
environment. The robot has not performed the task 
correctly. Now the child and an adult are retesting 
the robot and analyzing the program.
Adult: Ok, let’s see how this works.
Child: Well, now it should move, but it doesn’t.
Adult: Look at your program. You have nothing here.
Child: I have the old program in the robot.
Adult: Ok, and you have removed the command that 
closes the grab from the old one. You need to change 
this new program now and add commands for closing 
the grabs.
The child tests the grabs once again and Þxes the 
program then.
Functions of the robot concretized an abstract program and 
the guided processes of manipulation, but the writing of 
algorithms was still relatively challenging to children. 
Instructions and command buttons set the metrics of 
correctness, which enabled the avoidance of syntax errors, but 
left minimal options to variations. A connection between the 
commands on the screen and the functions of the robot seemed 
to remain unclear to some of the children and this was noticed 
during the debugging of malfunctions. Finding the cause 
required not only analysis on the correctness of the structure 
and the program, but their combination. Every now and then 
the cause was not a program, but another component of the 
robot, for instance misconnected cables (Examples 26 and 27).
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Example 26: Port
Child: Hey! Explain! Look, I programmed this… this 
says, “move forward”… but why this [command for 
touch sensor] did not recognize the touch?
Adult comes to inspect the program code.
Child (Þnds the cause): Is it in the wrong port?
Adult: Exactly!
Child: So, that was the reason.
Example 27: Programming
The child who previously had misconnected a cable to 
a port encounters new problems [Example port 
above].
Child: There’s a bug again in the robot! When it 
touches [on touch sensor], it stops (demonstrates 
with hand).
Adult: Don’t you have that kind of program in the 
robot?
Child: I don’t want have that stop in the robot!
Adult comes to troubleshoot the problem.
…
Child: Something is wrong again!
Adult: Do you really know what the robot is 
performing, or do you just follow instructions 
[without understanding what commands and their 
properties mean]?
Function manipulation gave control over the robot and 
enabled giving skills to the robot. The properties of the robot 
were used as a source of inspiration in order to direct function 
manipulation. Example  28 presents an idea that demonstrates 
the beginning of the programming session where the children 
ideated functions to their robot.
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Example 25 about malfunction in grabs indicates digesting of 
the fact that the robot performs only the functions that are 
programmed and transferred to it. In this case, a new program 
was not transferred into the robot.
Example 25: Malfunction in grabs
A child has programmed a robot that is supposed to 
close the grabs after recognizing a sound from the 
environment. The robot has not performed the task 
correctly. Now the child and an adult are retesting 
the robot and analyzing the program.
Adult: Ok, let’s see how this works.
Child: Well, now it should move, but it doesn’t.
Adult: Look at your program. You have nothing here.
Child: I have the old program in the robot.
Adult: Ok, and you have removed the command that 
closes the grab from the old one. You need to change 
this new program now and add commands for closing 
the grabs.
The child tests the grabs once again and Þxes the 
program then.
Functions of the robot concretized an abstract program and 
the guided processes of manipulation, but the writing of 
algorithms was still relatively challenging to children. 
Instructions and command buttons set the metrics of 
correctness, which enabled the avoidance of syntax errors, but 
left minimal options to variations. A connection between the 
commands on the screen and the functions of the robot seemed 
to remain unclear to some of the children and this was noticed 
during the debugging of malfunctions. Finding the cause 
required not only analysis on the correctness of the structure 
and the program, but their combination. Every now and then 
the cause was not a program, but another component of the 
robot, for instance misconnected cables (Examples 26 and 27).
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Example 26: Port
Child: Hey! Explain! Look, I programmed this… this 
says, “move forward”… but why this [command for 
touch sensor] did not recognize the touch?
Adult comes to inspect the program code.
Child (Þnds the cause): Is it in the wrong port?
Adult: Exactly!
Child: So, that was the reason.
Example 27: Programming
The child who previously had misconnected a cable to 
a port encounters new problems [Example port 
above].
Child: There’s a bug again in the robot! When it 
touches [on touch sensor], it stops (demonstrates 
with hand).
Adult: Don’t you have that kind of program in the 
robot?
Child: I don’t want have that stop in the robot!
Adult comes to troubleshoot the problem.
…
Child: Something is wrong again!
Adult: Do you really know what the robot is 
performing, or do you just follow instructions 
[without understanding what commands and their 
properties mean]?
Function manipulation gave control over the robot and 
enabled giving skills to the robot. The properties of the robot 
were used as a source of inspiration in order to direct function 
manipulation. Example  28 presents an idea that demonstrates 
the beginning of the programming session where the children 
ideated functions to their robot.
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Example 28: Idea for functions 
Adult: What kinds of functions could your robot 
have? Do you have ideas?
Child 1: No ideas.
Adult: What could the robot do? What kind of 
properties does it have?
Child 2: It could move items from one place to 
another.
Function manipulation typically emerged as improving skills 
and teaching the robot or deÞning functions rather from a 
technical perspective based on the properties of LEGO NXT. 
From programming the functions related to the robot’s output 
(such as sound and movement) the children continued to 
program the robot’s input, such as sensors. Progressing from 
output to input commands raised the level of difÞculty and 
challenged the children towards pondering more abstract issues 
when planning the functions of the robots by themselves. Skills 
of TriBot is an example of improving the robot.
Example 29: Skills of TriBot
Child 1: Hey, how can I make it…is this the one 
which makes the robot move? Hey, it could turn in a 
way, so that it wouldn’t hit anything.
Adult: Yes, good ideas.
Child 2: I think we can implement that quite quickly.
Adult: I’m not sure if it cannot hit anything, but 
maybe it could to do something when it touches 
something.
Child 2: Oh yes! It could work also in a way that it 
takes a ball or some cool things. Can it throw a ball? 
Adult: I’m not sure about that because I’m not so 
familiar with the kit yet.
Child 2: Well, then at least it can go forward! Maybe 
the robot can move the ball autonomously and then 
catch it in some point. It could play with the ball.
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There were more possibilities inherent to programming with 
NXT than the children exploited, and while they constructed the 
robots the children produced more ideas for possible robot 
functions than they could actually implement by means of 
programming. There was therefore lack of continuity between 
the children’s ideas of what the characteristics and features of 
the robots should be and their actual ability to implement them 
by means of programming. Therefore, most children followed 
LEGO’s programming guide that instructed writing a robot-
speciÞc program step-by-step. By following the instructions, the 
children were able to conduct working programs with 
meaningful functions, which however forbade them to make 
variations to functions. The number of commands in one NXT 
program was typically between 1 and 10 including the 
commands of movement and sound. The children occasionally 
added commands that were unknown to them but which they 
could deduce from the meaning of the icon (Figure 30). 
Figure 30. Program for the Tribot robot: the robot goes forwards until the touch 
sensor bumps into the ball, then stops, grabs the ball and reverses back to the 
starting point.
Regardless of the difÞculties encountered in programming 
and the need for instructions, that were readily used, 
programming was anticipated by all the children. Reßecting is 
an example that presents the thoughts of one working pair 
regarding programming.
Example 30: Reßecting
Adult: How was it to program the robot?
Child 1: It required quite a lot of patience, or what do 
you think?
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Example 28: Idea for functions 
Adult: What kinds of functions could your robot 
have? Do you have ideas?
Child 1: No ideas.
Adult: What could the robot do? What kind of 
properties does it have?
Child 2: It could move items from one place to 
another.
Function manipulation typically emerged as improving skills 
and teaching the robot or deÞning functions rather from a 
technical perspective based on the properties of LEGO NXT. 
From programming the functions related to the robot’s output 
(such as sound and movement) the children continued to 
program the robot’s input, such as sensors. Progressing from 
output to input commands raised the level of difÞculty and 
challenged the children towards pondering more abstract issues 
when planning the functions of the robots by themselves. Skills 
of TriBot is an example of improving the robot.
Example 29: Skills of TriBot
Child 1: Hey, how can I make it…is this the one 
which makes the robot move? Hey, it could turn in a 
way, so that it wouldn’t hit anything.
Adult: Yes, good ideas.
Child 2: I think we can implement that quite quickly.
Adult: I’m not sure if it cannot hit anything, but 
maybe it could to do something when it touches 
something.
Child 2: Oh yes! It could work also in a way that it 
takes a ball or some cool things. Can it throw a ball? 
Adult: I’m not sure about that because I’m not so 
familiar with the kit yet.
Child 2: Well, then at least it can go forward! Maybe 
the robot can move the ball autonomously and then 
catch it in some point. It could play with the ball.
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There were more possibilities inherent to programming with 
NXT than the children exploited, and while they constructed the 
robots the children produced more ideas for possible robot 
functions than they could actually implement by means of 
programming. There was therefore lack of continuity between 
the children’s ideas of what the characteristics and features of 
the robots should be and their actual ability to implement them 
by means of programming. Therefore, most children followed 
LEGO’s programming guide that instructed writing a robot-
speciÞc program step-by-step. By following the instructions, the 
children were able to conduct working programs with 
meaningful functions, which however forbade them to make 
variations to functions. The number of commands in one NXT 
program was typically between 1 and 10 including the 
commands of movement and sound. The children occasionally 
added commands that were unknown to them but which they 
could deduce from the meaning of the icon (Figure 30). 
Figure 30. Program for the Tribot robot: the robot goes forwards until the touch 
sensor bumps into the ball, then stops, grabs the ball and reverses back to the 
starting point.
Regardless of the difÞculties encountered in programming 
and the need for instructions, that were readily used, 
programming was anticipated by all the children. Reßecting is 
an example that presents the thoughts of one working pair 
regarding programming.
Example 30: Reßecting
Adult: How was it to program the robot?
Child 1: It required quite a lot of patience, or what do 
you think?
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Child 2: Exactly.
Child 1: We did it patiently though.
Child 2: It took one workshop and another...but now 
we did it!
Child 1: So call it third time lucky!
Adult: What kinds of difÞculties did you have?
Child 2: A little difÞculty understanding the 
software, because this is also new to me.
Child 2: Like the Þrst time. It was so confusing and 
boring. I mean very boring. But then we managed to 
do it [working robot and program] and now we feel 
good.
Adult: What was boring then?
Child 2: Somehow…we didn’t get it [the introduction 
to programming with NXT session] and then we just 
couldnÕt do it. Neither the second time. But now we 
got this robot to work!
Function manipulation introduced syntax of educational 
robotics related to the behavior of the robots to the children. 
Because the children needed step-by-step instructions from 
LEGO, function manipulation appeared a strongly technology-
led activity. As in the previous stages, function manipulation 
also required continuous action from the children in order to 
make progress in the programming.
5.3.2. Topobo
Topobo gave the children easy access to programming, right 
from the initial phases of the work in spite of their different 
levels in skill and their familiarity with the program. Adults 
familiarized the children with programming by demonstrating 
recording of movements and playing the recorded functions. In 
addition, the children were individually instructed when 
needed. Programming the Þrst robot with an Active advised the 
children regarding the purpose and function of the motors, 
especially if nothing was attached to an Active. Bracelet is an 
example of such a situation. 
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Example 31: Bracelet
A child is beginning to program a bracelet. Bracelet 
has been developed from a round shape by adding a 
motor i.e. an active to it. A brick has not however 
been attached to the Active. The child has connected 
the power cable to the robot and is ready to record. 
An adult gives instructions.
Adult: Ok, when you press the button once you’ll see 
a red light there [in Active]. Do you have the light?
Child: No, there’s not.
Adult: Oh, it’s green already. Press again, so it will 
turn off. OK, and now press again to turn it on.
Child follows the instructions and is ready to record.
Adult: Ok, now you could revolve a brick connected 
to the white end of the blue brick [Active]. Could you 
add something there?
The child takes two red bricks that are connected 
together and attaches them to the active. 
Programming continues. After a while the child 
observes the need for reprogramming the bracelet and 
after that the need for changing the red bricks 
attached to the Active. 
Function manipulation included some minor problems which 
were solved easily by being more careful when starting to 
program the next round. Occasionally children had, for instance, 
difÞculties attaching cables or controlling the record and 
playback modes by using the button (red light: recording, green 
light: playback). Regarding the record and playback mode, the 
children learned the principle quickly. An example of a 
problematic situation regarding a power cable follows.
Example 32: Power cable
Adult: What are you programming now?
Child 1: This is not working!
Adult: Do you have the power on? 
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Child 2: Exactly.
Child 1: We did it patiently though.
Child 2: It took one workshop and another...but now 
we did it!
Child 1: So call it third time lucky!
Adult: What kinds of difÞculties did you have?
Child 2: A little difÞculty understanding the 
software, because this is also new to me.
Child 2: Like the Þrst time. It was so confusing and 
boring. I mean very boring. But then we managed to 
do it [working robot and program] and now we feel 
good.
Adult: What was boring then?
Child 2: Somehow…we didn’t get it [the introduction 
to programming with NXT session] and then we just 
couldnÕt do it. Neither the second time. But now we 
got this robot to work!
Function manipulation introduced syntax of educational 
robotics related to the behavior of the robots to the children. 
Because the children needed step-by-step instructions from 
LEGO, function manipulation appeared a strongly technology-
led activity. As in the previous stages, function manipulation 
also required continuous action from the children in order to 
make progress in the programming.
5.3.2. Topobo
Topobo gave the children easy access to programming, right 
from the initial phases of the work in spite of their different 
levels in skill and their familiarity with the program. Adults 
familiarized the children with programming by demonstrating 
recording of movements and playing the recorded functions. In 
addition, the children were individually instructed when 
needed. Programming the Þrst robot with an Active advised the 
children regarding the purpose and function of the motors, 
especially if nothing was attached to an Active. Bracelet is an 
example of such a situation. 
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Example 31: Bracelet
A child is beginning to program a bracelet. Bracelet 
has been developed from a round shape by adding a 
motor i.e. an active to it. A brick has not however 
been attached to the Active. The child has connected 
the power cable to the robot and is ready to record. 
An adult gives instructions.
Adult: Ok, when you press the button once you’ll see 
a red light there [in Active]. Do you have the light?
Child: No, there’s not.
Adult: Oh, it’s green already. Press again, so it will 
turn off. OK, and now press again to turn it on.
Child follows the instructions and is ready to record.
Adult: Ok, now you could revolve a brick connected 
to the white end of the blue brick [Active]. Could you 
add something there?
The child takes two red bricks that are connected 
together and attaches them to the active. 
Programming continues. After a while the child 
observes the need for reprogramming the bracelet and 
after that the need for changing the red bricks 
attached to the Active. 
Function manipulation included some minor problems which 
were solved easily by being more careful when starting to 
program the next round. Occasionally children had, for instance, 
difÞculties attaching cables or controlling the record and 
playback modes by using the button (red light: recording, green 
light: playback). Regarding the record and playback mode, the 
children learned the principle quickly. An example of a 
problematic situation regarding a power cable follows.
Example 32: Power cable
Adult: What are you programming now?
Child 1: This is not working!
Adult: Do you have the power on? 
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Child 2: I think it is not…to me it doesn’t seem right 
[the cable].
Adult: Do you have a red light there?
Child 1: No, there’s not.
Adult: Do you have a power cable connected? I guess 
not. Ok, it was unplugged. [Adult plugs the power 
cable in and the child continues programming]. 
The graspable interface provided a natural and easy way for 
the children to control their robots. The graspable programming 
generated inexact functions by revolving bricks which were 
attached to the motor for roughly 10 to 30 seconds. The children 
seemed to program variations, such as a slow and fast motion 
and pause, randomly. Functions neither seemed to be planned in 
advance, but rather improvised during programming. Since the 
children did not talk out loud and/or explain their activities, it 
looked as if programming was being based on a feeling 
regarding the sufÞcient duration of the recording. No external 
sources inßuenced the programming which the children 
conducted completely by themselves. Device for defense is an 
example of systematic testing and programming.
Example 33: Device for defense
Child: I try these motors one-by one. These can be 
controlled only this way. I put [the power cable] to 
the upper corner at Þrst, because this is the most 
important part. Do you know why?
Adult: Why?
Child: Because it is a device for raising and defense.
The children became skilled at using the graspable 
programming interface as well as the structure of repetition. 
Only actives were programmed at early stages and thereafter 
Queens were also used. Reasons for slower progress were 
practical since the simultaneous programming of more than one 
Active was difÞcult. Although the children did not discuss the 
loop structure during programming, they observed it later from 
the way in which the robots functioned during the testing phase. 
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Function manipulation with Topobo was a child-led action 
that enabled the creation of behaviors speciÞc to the Tobobo 
robot by recording the functions. The syntax that Topobo 
introduced, based on physical action, was not possible to verify 
until the next stage of encounters, in playful actions.
5.3.3. RUBI
Even though possibilities to function manipulation were limited, 
RUBI enabled some actions that produced a response in RUBI’s 
functions. Contact with RUBI took place through RUBI’s 
physical properties, such as the screen, head and hands. Since 
these properties were primarily used for the next stage of action 
with RUBI, I categorized only the events that were aimed at 
effecting change or evoking RUBI’s functions from children’s 
initiatives into the category of function manipulation. The 
examples of hands, head and screen illustrate attempts to have 
an effect on RUBI’s function.
Example 34: Hands
RUBI: Hey!
A child walks over to RUBI and touches the touch 
sensor on RUBI’s head. RUBI laughs.
RUBI: Train.
The child hunkers down on the ßoor in front of RUBI 
and watches the screen. After that the child stands up 
and touches RUBIÕs hand. The child does not play 
with RUBI, but opens and closes the hand manually.
Example 35: Head
A child walks over to RUBI and immediately touches 
the touch sensor in RUBI’s head. RUBI laughs. The 
child laughs and looks at the other child who also 
playing with RUBI in the session. In another session, 
the child touches the touch sensor again. RUBI 
laughs. The child gives a yell of delight. In the last 
session, the child presses the sensor repeatedly. RUBI 
laughs. The child laughs too. 
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Child 2: I think it is not…to me it doesn’t seem right 
[the cable].
Adult: Do you have a red light there?
Child 1: No, there’s not.
Adult: Do you have a power cable connected? I guess 
not. Ok, it was unplugged. [Adult plugs the power 
cable in and the child continues programming]. 
The graspable interface provided a natural and easy way for 
the children to control their robots. The graspable programming 
generated inexact functions by revolving bricks which were 
attached to the motor for roughly 10 to 30 seconds. The children 
seemed to program variations, such as a slow and fast motion 
and pause, randomly. Functions neither seemed to be planned in 
advance, but rather improvised during programming. Since the 
children did not talk out loud and/or explain their activities, it 
looked as if programming was being based on a feeling 
regarding the sufÞcient duration of the recording. No external 
sources inßuenced the programming which the children 
conducted completely by themselves. Device for defense is an 
example of systematic testing and programming.
Example 33: Device for defense
Child: I try these motors one-by one. These can be 
controlled only this way. I put [the power cable] to 
the upper corner at Þrst, because this is the most 
important part. Do you know why?
Adult: Why?
Child: Because it is a device for raising and defense.
The children became skilled at using the graspable 
programming interface as well as the structure of repetition. 
Only actives were programmed at early stages and thereafter 
Queens were also used. Reasons for slower progress were 
practical since the simultaneous programming of more than one 
Active was difÞcult. Although the children did not discuss the 
loop structure during programming, they observed it later from 
the way in which the robots functioned during the testing phase. 
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Function manipulation with Topobo was a child-led action 
that enabled the creation of behaviors speciÞc to the Tobobo 
robot by recording the functions. The syntax that Topobo 
introduced, based on physical action, was not possible to verify 
until the next stage of encounters, in playful actions.
5.3.3. RUBI
Even though possibilities to function manipulation were limited, 
RUBI enabled some actions that produced a response in RUBI’s 
functions. Contact with RUBI took place through RUBI’s 
physical properties, such as the screen, head and hands. Since 
these properties were primarily used for the next stage of action 
with RUBI, I categorized only the events that were aimed at 
effecting change or evoking RUBI’s functions from children’s 
initiatives into the category of function manipulation. The 
examples of hands, head and screen illustrate attempts to have 
an effect on RUBI’s function.
Example 34: Hands
RUBI: Hey!
A child walks over to RUBI and touches the touch 
sensor on RUBI’s head. RUBI laughs.
RUBI: Train.
The child hunkers down on the ßoor in front of RUBI 
and watches the screen. After that the child stands up 
and touches RUBIÕs hand. The child does not play 
with RUBI, but opens and closes the hand manually.
Example 35: Head
A child walks over to RUBI and immediately touches 
the touch sensor in RUBI’s head. RUBI laughs. The 
child laughs and looks at the other child who also 
playing with RUBI in the session. In another session, 
the child touches the touch sensor again. RUBI 
laughs. The child gives a yell of delight. In the last 
session, the child presses the sensor repeatedly. RUBI 
laughs. The child laughs too. 
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Example 36: Screen
Two children come up to RUBI. RUBI says hello. 
One of the children touches the empty screen and 
then RUBI’s body. RUBI says hello again and repeats 
the children’s names. The child touches the screen 
and body again. After a while, RUBI plays a song. 
The Wizard of Oz session begins.
Function manipulation produced three kinds of responses 
from RUBI. Regarding screen the response was negative as RUBI 
was not controllable through the screen in the Wizard of Oz 
mode. The children learned to use the touch screen for playing 
an educational game in the free play mode, which supposedly 
was a consequence for attempting to use the screen in the 
Wizard of Oz mode as well. Touch screen presents events where 
a child touched the screen to evoke function in RUBI.
Example 37: Touch screen
In the Þrst sessions, a child touches the empty screen 
right after coming up to RUBI. Soon after touching 
the screen, RUBI says the name of the child and plays 
a song. Action repeats several times in the beginning 
of the sessions. In a latter session, the child starts a 
session with another child. They have just listened to 
a song and watched an animation on the screen. 
There are ßowers as wallpaper on the screen. Nothing 
happens on RUBI for a while. The child presses the 
screen as if making a choice. RUBI plays the song 
again. Later on in the situation, when RUBI has 
Þnished a song or has no other active functions, the 
child touches the screen. 
Regarding hands, receiving a response to an initiative was 
dependent on the mechanical functionalities of the hands. Even 
though it was possible to give any items to RUBI, the capability 
of hands to catch only a particular size and weight items limited 
this option. Naturally, the children did not yet have and 
understanding regarding the estimation of such matters, which 
was the main reason for giving items that did not match with 
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RUBI. Therefore, they occasionally tried to give an item that 
RUBI could not hold, which resulted in failure. Example  38 
about a small toy illustrates the unsuccessful action and 
Example 39 about a soft toy the successful action.
Example 38: Small toy
A child brings a small toy and tries to put it into 
RUBI’s hand. RUBI recognizes the item, says “thank 
you” and laughs. The toy is however so small that 
RUBI cannot catch it. The child picks the toy up from 
the ßoor and tries to give it to RUBI again. RUBI 
says “thank you” and laughs, but still cannot catch 
the toy.
The child says something to an adult.
Adult: Try again.
Child: Yeah.
The child tries to hand RUBI the toy again, but the 
result is the same as before. The child looks at the 
adult after the unsuccessful event. 
Adult: Put it on the head instead.
Child: Ha?
Adult: (pointing to the head) like here, on the head.
The child looks at the screen at Þrst. There is the 
word game going on. The child sets the toy on 
RUBI’s head. 
Example 39: Soft toy
Three children are playing with RUBI at the same 
time. RUBI is in the Wizard of Oz mode and runs 
the word game.
RUBI: It is a book. Book. Give me a book.
RUBI: (Says child’s name), book.
The child to whom RUBI addressed the call takes the 
book from the ßoor, but does not give it to RUBI. 
Instead, the child drops the book onto the ßoor and 
Encounters between educational robotics and children
! Dissertations in Forestry and Natural Sciences No 169! 127
Example 36: Screen
Two children come up to RUBI. RUBI says hello. 
One of the children touches the empty screen and 
then RUBI’s body. RUBI says hello again and repeats 
the children’s names. The child touches the screen 
and body again. After a while, RUBI plays a song. 
The Wizard of Oz session begins.
Function manipulation produced three kinds of responses 
from RUBI. Regarding screen the response was negative as RUBI 
was not controllable through the screen in the Wizard of Oz 
mode. The children learned to use the touch screen for playing 
an educational game in the free play mode, which supposedly 
was a consequence for attempting to use the screen in the 
Wizard of Oz mode as well. Touch screen presents events where 
a child touched the screen to evoke function in RUBI.
Example 37: Touch screen
In the Þrst sessions, a child touches the empty screen 
right after coming up to RUBI. Soon after touching 
the screen, RUBI says the name of the child and plays 
a song. Action repeats several times in the beginning 
of the sessions. In a latter session, the child starts a 
session with another child. They have just listened to 
a song and watched an animation on the screen. 
There are ßowers as wallpaper on the screen. Nothing 
happens on RUBI for a while. The child presses the 
screen as if making a choice. RUBI plays the song 
again. Later on in the situation, when RUBI has 
Þnished a song or has no other active functions, the 
child touches the screen. 
Regarding hands, receiving a response to an initiative was 
dependent on the mechanical functionalities of the hands. Even 
though it was possible to give any items to RUBI, the capability 
of hands to catch only a particular size and weight items limited 
this option. Naturally, the children did not yet have and 
understanding regarding the estimation of such matters, which 
was the main reason for giving items that did not match with 
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RUBI. Therefore, they occasionally tried to give an item that 
RUBI could not hold, which resulted in failure. Example  38 
about a small toy illustrates the unsuccessful action and 
Example 39 about a soft toy the successful action.
Example 38: Small toy
A child brings a small toy and tries to put it into 
RUBI’s hand. RUBI recognizes the item, says “thank 
you” and laughs. The toy is however so small that 
RUBI cannot catch it. The child picks the toy up from 
the ßoor and tries to give it to RUBI again. RUBI 
says “thank you” and laughs, but still cannot catch 
the toy.
The child says something to an adult.
Adult: Try again.
Child: Yeah.
The child tries to hand RUBI the toy again, but the 
result is the same as before. The child looks at the 
adult after the unsuccessful event. 
Adult: Put it on the head instead.
Child: Ha?
Adult: (pointing to the head) like here, on the head.
The child looks at the screen at Þrst. There is the 
word game going on. The child sets the toy on 
RUBI’s head. 
Example 39: Soft toy
Three children are playing with RUBI at the same 
time. RUBI is in the Wizard of Oz mode and runs 
the word game.
RUBI: It is a book. Book. Give me a book.
RUBI: (Says child’s name), book.
The child to whom RUBI addressed the call takes the 
book from the ßoor, but does not give it to RUBI. 
Instead, the child drops the book onto the ßoor and 
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takes a soft block. The child moves next to RUBI’s 
hand and successfully gives the soft block to RUBI.
Grasping the item was not the only challenge in the use of 
hands as this required a certain exactness when handing over an 
item, otherwise RUBI failed. Correct timing, in terms of holding 
the item out towards RUBI and the position and distance of the 
item in relation to RUBI’s hands, were often challenging to the 
children. The children also tried to give RUBI items in situations 
when RUBI was operating other actions with the hand, such as 
dancing. Attempts to open and close RUBI’s hands manually 
did work because the function of the hands was automatic. 
Bottle is an example of a situation where a child tries to give an 
item to RUBI before the session begins.
Example 40: Bottle
Two children have just come up to RUBI. They laugh 
and repeat “RUBI, RUBI”. Then they sit down on 
the pillows and wait for a while. Nothing happens 
with RUBI. One of the children takes a bottle from 
the ßoor, goes next to RUBI and tries to give the 
bottle to RUBI’s hand. The attempt is fast and RUBI 
does not react to it. The child knocks RUBI’s head 
with the bottle.
Function manipulation is related to the touch sensors in 
RUBI’s head. When a child presses the sensor in the head, RUBI 
gave a laugh as feedback. The children repeatedly made RUBI 
laugh several times in different sessions, which indicated that 
the touch and the responding laugh were successful features of 
RUBI. Touch sensor is an example of receiving the response 
from RUBI after making contact with it. 
Example 41: Touch sensor
A child has the Þrst session with RUBI and is sitting 
on a pillow on the ßoor. The word game is in session. 
The child stands up and approaches RUBI. The child 
touches RUBI’s head and then the touch sensor on 
RUBI’s head. RUBI laughs. The child repeats the 
touch again and again and then looks at an adult. 
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Adult says: “Is it giggling? Is it happy? Happy 
face.” The child continues to press the touch sensors 
to make the robot laugh.
Function manipulation included events where the children 
wished to choose a function for RUBI, but which they could not 
implement through manipulation. The salient examples of such 
situations were playing music which was favorite action for the 
children. RUBI played a song only in the beginning and at the 
end of the session which the children might not hear or which 
they were not able to choose. The children’s wish to listen to the 
songs manifested through them not playing with RUBI but 
playing by themselves or sitting inactively near RUBI, all the 
while waiting for the music to begin. Teachers’ talks with the 
children supported the interpretation regarding the children’s 
wish to listen to music. The example of music demonstrates the 
situation. 
Example 42: Music
Two children have played with RUBI for 
approximately ten minutes. They have however not 
played the word game with RUBI for a while, but sat 
on the pillows, left the room and soon returned. 
Adult asks, “Do you want music?” The song begins 
and the children listen to it.
A similar situation happens to two other children. 
They have not played with RUBI for a while, but 
sauntered around in the room. Adult asks, “Do you 
want music?” The song begins and the children stop 
to listen to it.
Function manipulation was often a certain kind of misuse of 
RUBI’s properties and functions, which RUBI did not enable. 
The child-driven actions that received initiative and promoted 
responses from RUBI related to touching the sensor in the head 
and hearing a laugh sound emanating from RUBI. Besides 
childrenÕs initiatives RUBI, as a social robot, had an inßuence on 
events during function manipulation. As a social robot, RUBI 
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takes a soft block. The child moves next to RUBI’s 
hand and successfully gives the soft block to RUBI.
Grasping the item was not the only challenge in the use of 
hands as this required a certain exactness when handing over an 
item, otherwise RUBI failed. Correct timing, in terms of holding 
the item out towards RUBI and the position and distance of the 
item in relation to RUBI’s hands, were often challenging to the 
children. The children also tried to give RUBI items in situations 
when RUBI was operating other actions with the hand, such as 
dancing. Attempts to open and close RUBI’s hands manually 
did work because the function of the hands was automatic. 
Bottle is an example of a situation where a child tries to give an 
item to RUBI before the session begins.
Example 40: Bottle
Two children have just come up to RUBI. They laugh 
and repeat “RUBI, RUBI”. Then they sit down on 
the pillows and wait for a while. Nothing happens 
with RUBI. One of the children takes a bottle from 
the ßoor, goes next to RUBI and tries to give the 
bottle to RUBI’s hand. The attempt is fast and RUBI 
does not react to it. The child knocks RUBI’s head 
with the bottle.
Function manipulation is related to the touch sensors in 
RUBI’s head. When a child presses the sensor in the head, RUBI 
gave a laugh as feedback. The children repeatedly made RUBI 
laugh several times in different sessions, which indicated that 
the touch and the responding laugh were successful features of 
RUBI. Touch sensor is an example of receiving the response 
from RUBI after making contact with it. 
Example 41: Touch sensor
A child has the Þrst session with RUBI and is sitting 
on a pillow on the ßoor. The word game is in session. 
The child stands up and approaches RUBI. The child 
touches RUBI’s head and then the touch sensor on 
RUBI’s head. RUBI laughs. The child repeats the 
touch again and again and then looks at an adult. 
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Adult says: “Is it giggling? Is it happy? Happy 
face.” The child continues to press the touch sensors 
to make the robot laugh.
Function manipulation included events where the children 
wished to choose a function for RUBI, but which they could not 
implement through manipulation. The salient examples of such 
situations were playing music which was favorite action for the 
children. RUBI played a song only in the beginning and at the 
end of the session which the children might not hear or which 
they were not able to choose. The children’s wish to listen to the 
songs manifested through them not playing with RUBI but 
playing by themselves or sitting inactively near RUBI, all the 
while waiting for the music to begin. Teachers’ talks with the 
children supported the interpretation regarding the children’s 
wish to listen to music. The example of music demonstrates the 
situation. 
Example 42: Music
Two children have played with RUBI for 
approximately ten minutes. They have however not 
played the word game with RUBI for a while, but sat 
on the pillows, left the room and soon returned. 
Adult asks, “Do you want music?” The song begins 
and the children listen to it.
A similar situation happens to two other children. 
They have not played with RUBI for a while, but 
sauntered around in the room. Adult asks, “Do you 
want music?” The song begins and the children stop 
to listen to it.
Function manipulation was often a certain kind of misuse of 
RUBI’s properties and functions, which RUBI did not enable. 
The child-driven actions that received initiative and promoted 
responses from RUBI related to touching the sensor in the head 
and hearing a laugh sound emanating from RUBI. Besides 
childrenÕs initiatives RUBI, as a social robot, had an inßuence on 
events during function manipulation. As a social robot, RUBI 
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was designed to observe and recognize its environment and to 
play in it. Therefore, instead of receiving function manipulation 
from the children RUBI aimed at adapting to the surrounding 
environment through learning from it and then reacting to the 
children’s actions appropriately. This principle of design 
affected the properties and functions provided for the use of 
children and given instruments that had an impact on functions. 
Overall, function manipulation was limited and opened few 
options to control the robot.
5.4. PLAYFUL ACTION
Playful action was the fourth stage of encounters and belonged 
to the category of semantics. Semantics stood for the 
representation of educational robotics to the children. Whether 
the meaning of educational robotics was predeÞned as a design 
of the robot or created by the children, the meaning emerged as 
it appeared to children through their playful actions. Playful 
action refers to the use of the properties and functions of 
educational robotics for playing, testing and interacting with it.
5.4.1. LEGO NXT
The meaning the robot formed via playing with the robot in test 
situations. During playful action, the robots, for their part, 
responded to children by giving a physical representation of 
children’s image and performing programmed functions 
through their actions. 
The concrete actions of the robot gave structural and 
functional implementation feedback to the children who 
observed the robots’ actions with curiosity. Example   43 
illustrates observing and obtaining feedback from the function 
of the NXT motors. Sound sensor in Example  44 presents a 
situation where the program does not work properly, but 
despite this, the children try to evoke action from the robot by 
shouting louder.
Marjo Virnes: Four Seasons of Educational Robotics
! 130! Dissertations in Forestry and Natural Sciences No 169
Example 43: Motors
A child wants to test the functions of the motors.
Child: What should I press?
Adult: Press “Run” in the middle of NXT. It means 
that the robot performs the program.
The robot moves forward for a bit.
Adult: Ok, it seems that the motors were run for Þve 
rounds.
Child: (observes functions) Now, the robot did this 
[command in the program].
Example 44: Sound sensor
Two children have completed structure manipulation 
and want to explore the functions of the robot before 
the teaching session about programming and NXT-
G. They try to control the movement of the robot by 
using the sound sensor. 
Child 1: What is the name of the robot?
Child 1: Turn it on and put it on the ßoor. Then weÕll 
shout.
Child 2 turns the robot on, sets it on the ßoor and 
begins to shout. The robot turns around a bit.
Child 1: Is it on? Move your feet away from the front 
of the robot. 
Child 2 shouts again, which makes the robot move a 
bit.
Child 1: Shout louder at it.
Child 2 shouts louder and after that the robot opens 
grabs. Child 1 ßinches at the unexpected function. 
The children continue the test how to make the robot 
move. Their solution is shouting louder.
The meaning of the completed robot was speculated at in 
terms of possible functions via imaginary plays before observing 
the real functions of the robot. The children speculated as to the 
robot’s type of movement and capability to talk during structure 
and function manipulation and observed functions by using the 
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was designed to observe and recognize its environment and to 
play in it. Therefore, instead of receiving function manipulation 
from the children RUBI aimed at adapting to the surrounding 
environment through learning from it and then reacting to the 
children’s actions appropriately. This principle of design 
affected the properties and functions provided for the use of 
children and given instruments that had an impact on functions. 
Overall, function manipulation was limited and opened few 
options to control the robot.
5.4. PLAYFUL ACTION
Playful action was the fourth stage of encounters and belonged 
to the category of semantics. Semantics stood for the 
representation of educational robotics to the children. Whether 
the meaning of educational robotics was predeÞned as a design 
of the robot or created by the children, the meaning emerged as 
it appeared to children through their playful actions. Playful 
action refers to the use of the properties and functions of 
educational robotics for playing, testing and interacting with it.
5.4.1. LEGO NXT
The meaning the robot formed via playing with the robot in test 
situations. During playful action, the robots, for their part, 
responded to children by giving a physical representation of 
children’s image and performing programmed functions 
through their actions. 
The concrete actions of the robot gave structural and 
functional implementation feedback to the children who 
observed the robots’ actions with curiosity. Example   43 
illustrates observing and obtaining feedback from the function 
of the NXT motors. Sound sensor in Example  44 presents a 
situation where the program does not work properly, but 
despite this, the children try to evoke action from the robot by 
shouting louder.
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Example 43: Motors
A child wants to test the functions of the motors.
Child: What should I press?
Adult: Press “Run” in the middle of NXT. It means 
that the robot performs the program.
The robot moves forward for a bit.
Adult: Ok, it seems that the motors were run for Þve 
rounds.
Child: (observes functions) Now, the robot did this 
[command in the program].
Example 44: Sound sensor
Two children have completed structure manipulation 
and want to explore the functions of the robot before 
the teaching session about programming and NXT-
G. They try to control the movement of the robot by 
using the sound sensor. 
Child 1: What is the name of the robot?
Child 1: Turn it on and put it on the ßoor. Then weÕll 
shout.
Child 2 turns the robot on, sets it on the ßoor and 
begins to shout. The robot turns around a bit.
Child 1: Is it on? Move your feet away from the front 
of the robot. 
Child 2 shouts again, which makes the robot move a 
bit.
Child 1: Shout louder at it.
Child 2 shouts louder and after that the robot opens 
grabs. Child 1 ßinches at the unexpected function. 
The children continue the test how to make the robot 
move. Their solution is shouting louder.
The meaning of the completed robot was speculated at in 
terms of possible functions via imaginary plays before observing 
the real functions of the robot. The children speculated as to the 
robot’s type of movement and capability to talk during structure 
and function manipulation and observed functions by using the 
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demonstration programs before actual programming. Some 
children imitated action and played manually with robots that 
they have not yet programmed, and thus received responses 
about the structural functions of the robot. The use of 
demonstration programs hinted at achievable operational 
functions that were able to program to the robot. Some children 
simulated battles or ßying and other actions that animated the 
robot. In these play situations the children themselves supplied 
their robots’ sounds and explained the play-action to others or 
only to themselves as they played. Football is an example which 
illustrates manual tests before programming and battles about 
imaginary plays with Þrst time programmed robots and the 
robots without programs.
Example 45: Football
Two children are testing their robot called Scorpion 
on the ßoor. One other child joins the test with the 
robot that has not been tested yet.
Child 1: This one comes to play with you.
Child 2: Battle!
Child 1 starts a program that makes the robot move 
approximately for two rounds of motors. The child 
sets a ball in front of the robot and the robot pushes it 
while moving forward. When the robot has Þnished 
the function, child 1 starts the robot again. The child 
repeats that activity throughout the test session. 
Child 2: It can’t catch the ball!
Child 1: Yes, I know it.
Child 1: It has caught the ball. Yippee, this is scoring 
now! Score is 1Ð0.
Example 46: Battle
A child is testing a robot on the ßoor after completing 
the structure. Soon others join the test and arrange a 
battle. The robot moves and laughs on the ßoor. The 
laughing and movements of the robots make some of 
the children laugh as well. They invite each other to 
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observe functions of their robot. The battle also 
demonstrates weaknesses of the robots, which results 
in the children improving their robots. One of the 
children afterwards described the battle as follows:
Child: Did you see it? The battle was so cool! The 
robots were almost equally strong. When my robot 
was on, it pushed another robot. It was such a robot 
that it was able to do it! 
The performance of the robot was evaluated by comparing it 
with the given or self-designed task. Children’s positive 
reactions after performance of the robot, for example clapping 
hands, indicated that the task had been completed successfully 
(Example 47).
Example 47: Clapping
A child has programmed the robot to close its claws 
after recognizing a sound on the sound sensor. The 
child claps his hands and after that the robot closes 
the grabs. “Tight touch”, says the child and states the 
correct function. The child repeats the test a couple of 
times and goes on to present the function to the other 
children. 
If the performance of the robot was not similar to expected 
functions, the malfunction was explained as a negative response 
of the robot to children’s initiative to make the robot act. In this 
case, the animated robot and interpreted malfunctions were 
caused by the environment of the robot or the robot itself, not 
particularly as a result of the program. Example   48 about 
sufÞcient time presents a situation where the children returned 
to manipulate the functions of the robot after testing the robot. 
Example 49 about grabbing the ball presents a situation where 
two children renew their test after downloading the program to 
the robot and bypassing analyzing the program code.
Example 48: SufÞcient time
Two children are testing their robot on the ßoor. The 
test shows a shorter move forward than the children 
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demonstration programs before actual programming. Some 
children imitated action and played manually with robots that 
they have not yet programmed, and thus received responses 
about the structural functions of the robot. The use of 
demonstration programs hinted at achievable operational 
functions that were able to program to the robot. Some children 
simulated battles or ßying and other actions that animated the 
robot. In these play situations the children themselves supplied 
their robots’ sounds and explained the play-action to others or 
only to themselves as they played. Football is an example which 
illustrates manual tests before programming and battles about 
imaginary plays with Þrst time programmed robots and the 
robots without programs.
Example 45: Football
Two children are testing their robot called Scorpion 
on the ßoor. One other child joins the test with the 
robot that has not been tested yet.
Child 1: This one comes to play with you.
Child 2: Battle!
Child 1 starts a program that makes the robot move 
approximately for two rounds of motors. The child 
sets a ball in front of the robot and the robot pushes it 
while moving forward. When the robot has Þnished 
the function, child 1 starts the robot again. The child 
repeats that activity throughout the test session. 
Child 2: It can’t catch the ball!
Child 1: Yes, I know it.
Child 1: It has caught the ball. Yippee, this is scoring 
now! Score is 1Ð0.
Example 46: Battle
A child is testing a robot on the ßoor after completing 
the structure. Soon others join the test and arrange a 
battle. The robot moves and laughs on the ßoor. The 
laughing and movements of the robots make some of 
the children laugh as well. They invite each other to 
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observe functions of their robot. The battle also 
demonstrates weaknesses of the robots, which results 
in the children improving their robots. One of the 
children afterwards described the battle as follows:
Child: Did you see it? The battle was so cool! The 
robots were almost equally strong. When my robot 
was on, it pushed another robot. It was such a robot 
that it was able to do it! 
The performance of the robot was evaluated by comparing it 
with the given or self-designed task. Children’s positive 
reactions after performance of the robot, for example clapping 
hands, indicated that the task had been completed successfully 
(Example 47).
Example 47: Clapping
A child has programmed the robot to close its claws 
after recognizing a sound on the sound sensor. The 
child claps his hands and after that the robot closes 
the grabs. “Tight touch”, says the child and states the 
correct function. The child repeats the test a couple of 
times and goes on to present the function to the other 
children. 
If the performance of the robot was not similar to expected 
functions, the malfunction was explained as a negative response 
of the robot to children’s initiative to make the robot act. In this 
case, the animated robot and interpreted malfunctions were 
caused by the environment of the robot or the robot itself, not 
particularly as a result of the program. Example   48 about 
sufÞcient time presents a situation where the children returned 
to manipulate the functions of the robot after testing the robot. 
Example 49 about grabbing the ball presents a situation where 
two children renew their test after downloading the program to 
the robot and bypassing analyzing the program code.
Example 48: SufÞcient time
Two children are testing their robot on the ßoor. The 
test shows a shorter move forward than the children 
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had expected. Child 1 observed the need for longer 
time when the motors are on: “I’ll put in a longer 
time”. Child 2 suggests: “Let’s put twelve 
[seconds]”.
Example 49: Grabbing the ball
After a few unsuccessful trials, the children ponder 
the test settings. Their focus is on the robot and the 
surrounding environment including the test Þeld and 
the ball stand. 
Child 1: (open the grabs) These were open the last 
time…like this. Hey, don’t you think these mean 
something special [points to black lines on the test 
Þeld].
Adult: You can use them for some other action. 
They’re not necessary now.
The children start the test. The starting position of 
the robot is too far away and it cannot catch the ball. 
The children change the starting points and the 
positions of the robot and repeat the test a few times.
Child 1: What’s wrong with it?
Child 2: It’s just nervous about something (smiles). 
The robot is…how about that if the robot is nervous. 
After the successful trial, the children change the test 
environment and continue testing on the plain ßoor.
The children compared an action of the robot with their 
image of the robot. If the robot responded to children’s 
commands in a way that the children accepted, they usually 
continued improving the robot autonomously. Regarding self-
deÞned or modiÞed programs, the children improved the robot 
also in the case of unwanted functions, probably because they 
were so strong willed to get the robot to work. In this case the 
indicators of evaluation were not given instructions, but 
correspondence between the image of action and the actual action. 
The robot’s response to children’s initiatives promoted 
children’s action with the robot in the future. Since tasks the 
tasks which the children had designed for the robot themselves 
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were not predeÞned, the developing of the robot was a 
continuum which was maintained by initiatives and responses. 
Finding, using and sharing of the knowledge about sounds was 
an example of a self-sustaining encounter between children and 
robots.
The robots appeared as Òliving beingsÓ to the children during 
playful action. Function manipulation of LEGO NXT offered 
opportunities to teach the robot and making it appear alive to 
some of the children. Learning robot serves as an example 
(Example 50).
Example 50: Learning robot
Two boys are testing their robot on the Þeld. The 
robotÕs task is to move forwards, catch the ball, and 
return it to the starting point. ÒYippee! It was able to 
do it. It learned!Ó the other boy shouted, ÒGood 
robot! It is pretty happy now!Ó The two boys stroked 
the robot and clapped their hands as a sign of success.
Playful actions with LEGO NXT often included affective 
reactions from the children towards the robots. The robots 
evoked enthusiasm, excitement and surprise that provided new 
kinds of messages from the robot to children. Affective reactions 
(both in the favorable and unfavorable sense) maintained and 
redirected playful action between the children and the robots. 
Example  51 about a feeling robot illustrates situations where 
NXT evoked excitement and ire.
Example 51: Feeling robot
Two children have repeated the test several times 
without success. A new trial causes excitement.
Child 1: It goes now. I wonder if I have the courage to 
watch this?
The robot Þnally performs the task successfully.
Children: Yes!! 
…
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had expected. Child 1 observed the need for longer 
time when the motors are on: “I’ll put in a longer 
time”. Child 2 suggests: “Let’s put twelve 
[seconds]”.
Example 49: Grabbing the ball
After a few unsuccessful trials, the children ponder 
the test settings. Their focus is on the robot and the 
surrounding environment including the test Þeld and 
the ball stand. 
Child 1: (open the grabs) These were open the last 
time…like this. Hey, don’t you think these mean 
something special [points to black lines on the test 
Þeld].
Adult: You can use them for some other action. 
They’re not necessary now.
The children start the test. The starting position of 
the robot is too far away and it cannot catch the ball. 
The children change the starting points and the 
positions of the robot and repeat the test a few times.
Child 1: What’s wrong with it?
Child 2: It’s just nervous about something (smiles). 
The robot is…how about that if the robot is nervous. 
After the successful trial, the children change the test 
environment and continue testing on the plain ßoor.
The children compared an action of the robot with their 
image of the robot. If the robot responded to children’s 
commands in a way that the children accepted, they usually 
continued improving the robot autonomously. Regarding self-
deÞned or modiÞed programs, the children improved the robot 
also in the case of unwanted functions, probably because they 
were so strong willed to get the robot to work. In this case the 
indicators of evaluation were not given instructions, but 
correspondence between the image of action and the actual action. 
The robot’s response to children’s initiatives promoted 
children’s action with the robot in the future. Since tasks the 
tasks which the children had designed for the robot themselves 
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were not predeÞned, the developing of the robot was a 
continuum which was maintained by initiatives and responses. 
Finding, using and sharing of the knowledge about sounds was 
an example of a self-sustaining encounter between children and 
robots.
The robots appeared as Òliving beingsÓ to the children during 
playful action. Function manipulation of LEGO NXT offered 
opportunities to teach the robot and making it appear alive to 
some of the children. Learning robot serves as an example 
(Example 50).
Example 50: Learning robot
Two boys are testing their robot on the Þeld. The 
robotÕs task is to move forwards, catch the ball, and 
return it to the starting point. ÒYippee! It was able to 
do it. It learned!Ó the other boy shouted, ÒGood 
robot! It is pretty happy now!Ó The two boys stroked 
the robot and clapped their hands as a sign of success.
Playful actions with LEGO NXT often included affective 
reactions from the children towards the robots. The robots 
evoked enthusiasm, excitement and surprise that provided new 
kinds of messages from the robot to children. Affective reactions 
(both in the favorable and unfavorable sense) maintained and 
redirected playful action between the children and the robots. 
Example  51 about a feeling robot illustrates situations where 
NXT evoked excitement and ire.
Example 51: Feeling robot
Two children have repeated the test several times 
without success. A new trial causes excitement.
Child 1: It goes now. I wonder if I have the courage to 
watch this?
The robot Þnally performs the task successfully.
Children: Yes!! 
…
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A child is testing the robot on the test Þeld. The robot 
is supposed to move straight, catch the ball and 
return back to the starting point. 
Child: This is not straight! Stupid! This is such a 
half-witted robot. It canÕt even catch the ball.
The child repeats the test without success several 
times. Between trials the child improves the robotÕs 
position in the start and smooths out the paper 
ground.
Child: DonÕt take it! So embarrassing! It doesnÕt 
work!
The robot moves forward, catches the ball and returns 
to the starting point. The performance was successful 
and the child accepted it silently. After the successful 
trial the child wants to make sure that the robot 
really completed the task. Similar problems appear 
again and the child reacts to them as affectively as 
earlier. A successful trial occurs unexpectedly. 
Playful action between LEGO NXT and the children was two-
directional in the case of a self-designed robot or a model robot. 
This stage of encounters included technology-led action for 
instance when the children were inspired by the robot’s 
functions or when the robot showed unwanted behavior that the 
children wanted to change. Child-led action took place, for 
instance, when the children controlled the robot and played 
with the robots.
5.4.2. Topobo
Playful action with Topobo included immediate feedback from 
the robot to children. A shift from function manipulation to 
action was fast with Topobo. After recording the movements for 
Actives and Queen, the children tested the program by pressing 
the control button again and observing the playback of the 
functions.
The Þrst encounters with functional Topobo showed the 
language of movement of Topobo. A robot performed functions 
as a child had programmed them introducing a pause and 
repetition. In addition, the Topobo artifact presented for instance 
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the velocity and quality of movement that Actives and bricks 
produced. Together with functions, the robot concretized the 
function of the bricks in the construction, especially as regards 
the Actives and Queens and the bricks attached to them. By 
observing the function of the Topobo artifact, the children 
compared the robot’s action to the expected actions and 
evaluated similarity and correctness. Pause and repetition is an 
example of observing these function structures and using them 
autonomously later. Bracelet presents a situation where the 
function of motor as a part of construction is becoming clear to a 
child.
Example 52: Pause and repetition
Child 1: (pondering) Well, why doesn’t this robot 
draw away?
Adult: You may have a pause there because you had a 
pause when starting to program. Look, it’s moving 
now.
Child 1: It’s turning now.
… 
Adult: What are you programming?
Child 1: I want the robot to have breaks sometimes 
and then to work again. It will never stop.
…
Child 2: Hey, is here a stop for a while?
Adult: Maybe there was a pause in the beginning. If 
you want to reprogram the robot, you can do it. 
Example 53: Swinging bracelet
Child 1: (laughing) Bracelet is swinging.
Child 2: New invention! The bracelet with the motor! 
Invites Child 3 to see the bracelet: it’s moving just a 
bit, come and see.
Child 3 (comes to see the bracelet): I could raise it like 
this.
Child 4 comes to see the bracelet as well.
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A child is testing the robot on the test Þeld. The robot 
is supposed to move straight, catch the ball and 
return back to the starting point. 
Child: This is not straight! Stupid! This is such a 
half-witted robot. It canÕt even catch the ball.
The child repeats the test without success several 
times. Between trials the child improves the robotÕs 
position in the start and smooths out the paper 
ground.
Child: DonÕt take it! So embarrassing! It doesnÕt 
work!
The robot moves forward, catches the ball and returns 
to the starting point. The performance was successful 
and the child accepted it silently. After the successful 
trial the child wants to make sure that the robot 
really completed the task. Similar problems appear 
again and the child reacts to them as affectively as 
earlier. A successful trial occurs unexpectedly. 
Playful action between LEGO NXT and the children was two-
directional in the case of a self-designed robot or a model robot. 
This stage of encounters included technology-led action for 
instance when the children were inspired by the robot’s 
functions or when the robot showed unwanted behavior that the 
children wanted to change. Child-led action took place, for 
instance, when the children controlled the robot and played 
with the robots.
5.4.2. Topobo
Playful action with Topobo included immediate feedback from 
the robot to children. A shift from function manipulation to 
action was fast with Topobo. After recording the movements for 
Actives and Queen, the children tested the program by pressing 
the control button again and observing the playback of the 
functions.
The Þrst encounters with functional Topobo showed the 
language of movement of Topobo. A robot performed functions 
as a child had programmed them introducing a pause and 
repetition. In addition, the Topobo artifact presented for instance 
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the velocity and quality of movement that Actives and bricks 
produced. Together with functions, the robot concretized the 
function of the bricks in the construction, especially as regards 
the Actives and Queens and the bricks attached to them. By 
observing the function of the Topobo artifact, the children 
compared the robot’s action to the expected actions and 
evaluated similarity and correctness. Pause and repetition is an 
example of observing these function structures and using them 
autonomously later. Bracelet presents a situation where the 
function of motor as a part of construction is becoming clear to a 
child.
Example 52: Pause and repetition
Child 1: (pondering) Well, why doesn’t this robot 
draw away?
Adult: You may have a pause there because you had a 
pause when starting to program. Look, it’s moving 
now.
Child 1: It’s turning now.
… 
Adult: What are you programming?
Child 1: I want the robot to have breaks sometimes 
and then to work again. It will never stop.
…
Child 2: Hey, is here a stop for a while?
Adult: Maybe there was a pause in the beginning. If 
you want to reprogram the robot, you can do it. 
Example 53: Swinging bracelet
Child 1: (laughing) Bracelet is swinging.
Child 2: New invention! The bracelet with the motor! 
Invites Child 3 to see the bracelet: it’s moving just a 
bit, come and see.
Child 3 (comes to see the bracelet): I could raise it like 
this.
Child 4 comes to see the bracelet as well.
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Child 3: When you raise it, it will fall away. Quite a 
cool program, when you raise it, it will fall off! Look, 
when this is on table, bricks are attached. When I 
raise it, the bricks loosen.
Child 1: No, they don’t loosen. Look (raises the 
bracelet). Why doesn’t it fall away? Strange 
motor….It was here a while ago and now it’s going 
deeper.
After the Þrst interactions with the robot, the children 
improved the robot or began working on a new topic. Action 
with the new improved Topobo artifact facilitated the 
emergence of versatile interpretations about the artifact in 
correctness-conÞrmative, imaginative, and narrative ways. 
Occasionally, the functions did not respond to an image, as the 
example of Dancing Topobo presents.
Example 54: Dancing Topobo
Child 1 has programmed the robot to make dance. 
The playback of the recording presents the function of 
the robot. Child 2 comments on the robot.
Child 2: The beetle is moving its horns.
Child 1: I wanted to make it dance. I planned the 
dancing function at home.
The tangible programming, that is a technological feature of 
Topobo, permitted the children to introduce a new dimension of 
imaginative thinking into the ways in which they interact with 
Topobo. The functions of the robot made the childrenÕs 
imaginary play more concrete and stimulated them to rename 
and improve the robots. The names that the children gave to 
completed constructions were occasionally different from the 
names that they had given to the robots while they were 
constructing them. This seems to indicate that the programming 
abilities of the robot enrich their play in their imaginative 
processes. The capabilities of Topobo allowed the children to 
evolve new modes of interaction with it. The dialogues that they 
conducted with Topobo show that they treated it imaginatively 
as a living being. Crab, generations of Medal Mickey and bird 
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nest are all examples that present imaginative and narrative 
aspects. 
Example 55: Crab’s behavior
Child: This crab eats like this, because here are jaws. 
Jaws bite this other brick
Adult: Oh, where’re jaws?
Child: Here [points at a particular component in the 
robot]. Look, it takes a bite. 
Example 56: Generations of Medal Mickey
The child constructed a robot called Medal Mickey. 
Medal Mickey has been programmed now, and the 
child is playing back the functions.
Child: This is my Medal Haley, this is my Medal 
pistol.
Adult: How does it work?
Child: Look, it whirls and shoots at the same time 
(the child watches the function)…in horizontal 
position (sets the artifact to horizontal position).
Child: Look, Medal Mickey. This is called Medal 
Mickey.
…
I have started Medal Mickey ten times already. My 
biggest one I started about ten times, I think. The 
child returns to further developing the artifact. The 
next generation of the Medal Mickey becomes Robo 
Prooton.
Example 57: Falling bird nest
Adult: What do you have there?
Child: This is a nest…that will soon fall away from a 
tree.
The artifact is moving on the table. 
Child: The nest tries to stay in the tree so that it 
won’t fall off.
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Child 3: When you raise it, it will fall away. Quite a 
cool program, when you raise it, it will fall off! Look, 
when this is on table, bricks are attached. When I 
raise it, the bricks loosen.
Child 1: No, they don’t loosen. Look (raises the 
bracelet). Why doesn’t it fall away? Strange 
motor….It was here a while ago and now it’s going 
deeper.
After the Þrst interactions with the robot, the children 
improved the robot or began working on a new topic. Action 
with the new improved Topobo artifact facilitated the 
emergence of versatile interpretations about the artifact in 
correctness-conÞrmative, imaginative, and narrative ways. 
Occasionally, the functions did not respond to an image, as the 
example of Dancing Topobo presents.
Example 54: Dancing Topobo
Child 1 has programmed the robot to make dance. 
The playback of the recording presents the function of 
the robot. Child 2 comments on the robot.
Child 2: The beetle is moving its horns.
Child 1: I wanted to make it dance. I planned the 
dancing function at home.
The tangible programming, that is a technological feature of 
Topobo, permitted the children to introduce a new dimension of 
imaginative thinking into the ways in which they interact with 
Topobo. The functions of the robot made the childrenÕs 
imaginary play more concrete and stimulated them to rename 
and improve the robots. The names that the children gave to 
completed constructions were occasionally different from the 
names that they had given to the robots while they were 
constructing them. This seems to indicate that the programming 
abilities of the robot enrich their play in their imaginative 
processes. The capabilities of Topobo allowed the children to 
evolve new modes of interaction with it. The dialogues that they 
conducted with Topobo show that they treated it imaginatively 
as a living being. Crab, generations of Medal Mickey and bird 
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nest are all examples that present imaginative and narrative 
aspects. 
Example 55: Crab’s behavior
Child: This crab eats like this, because here are jaws. 
Jaws bite this other brick
Adult: Oh, where’re jaws?
Child: Here [points at a particular component in the 
robot]. Look, it takes a bite. 
Example 56: Generations of Medal Mickey
The child constructed a robot called Medal Mickey. 
Medal Mickey has been programmed now, and the 
child is playing back the functions.
Child: This is my Medal Haley, this is my Medal 
pistol.
Adult: How does it work?
Child: Look, it whirls and shoots at the same time 
(the child watches the function)…in horizontal 
position (sets the artifact to horizontal position).
Child: Look, Medal Mickey. This is called Medal 
Mickey.
…
I have started Medal Mickey ten times already. My 
biggest one I started about ten times, I think. The 
child returns to further developing the artifact. The 
next generation of the Medal Mickey becomes Robo 
Prooton.
Example 57: Falling bird nest
Adult: What do you have there?
Child: This is a nest…that will soon fall away from a 
tree.
The artifact is moving on the table. 
Child: The nest tries to stay in the tree so that it 
won’t fall off.
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…
Adult: What are you doing?
Child 1: I’m just showing a swinging nest of a bird.
Adult: Who did it?
Child 1: It’s mine.
Adult: Where’s the bird?
Child 1: It has ßown away.
Child 2: Oh, take a piece of paper and make a bird!
The ability to observe a causal connection between the 
physical construction of the robot and its functions was an 
inherently more difÞcult task for the children than the ability to 
observe a causal connection between the graspable 
programming (which resulted from the children’s own actions) 
and the robot’s functions. Thus, for instance, some children 
constructed a robot that pleased them as an artifact because it 
(the physical robot) corresponded with their idea of what it 
should be. The causal connections between the construction of a 
robot and that robotÕs functions were difÞcult for the children to 
predict. After some of the children had programmed the robot, 
they noticed that the robot did not act as they had expected it 
would. The straight walking elephant is an example which 
illustrates the gaps between an image in the child’s mind, the 
artifact and its functions.
Example 58: Straight walking elephant
Adult: What kind of actions would you give your 
robot? 
Child: I want to make this sway and move forwards.
After programming, the child sets the robot onto the 
table and observes the playback.
Child: Doesn’t work! This had to go straight.
Adult: Oh, it had to go straight. But look, what does 
the motor move actually?
Child: (doesn’t pay attention to the adult’s comment, 
but interprets the action of the robot) Good! This 
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robot began to…this robot made itself swing. It was 
supposed to swing actually…This was supposed to 
either go straight forwards or to swing.
Adult: Should the motor move the legs then or is it 
moving on that green brick [in front of the robot, not 
connected to the Active]?
Child: It’s moving on green one, but it can swing, 
too. 
…
Adult: Does it move like you wanted?
Child: Yes.
Adult: What is it?
Child: An elephant. It’s swinging the trunk to move. 
And that’s tail, that’s another leg.
The potential that Topobo offered for devising various forms 
of play introduced an element of joy into the technology 
workshops. This aspect of Topobo made the manipulation of 
technology an enjoyable and accessible experience for the 
children. The children were highly motivated and full of 
enthusiasm in their interactions with Topobo. They generated a 
large number of ideas, pursued a signiÞcant number of 
interactions with Topobo and reacted with a variety of different 
emotions toward the robots. If one is to judge from their 
reactions, the children experienced Topobo as a fascinating tool 
that stimulated their emotions and imagination and attitudes 
toward it, especially regarding the robot’s functions. Some of 
these emotions were excitement and some concern as in cases 
where the children observed a conßict between the way in 
which the robot functioned and the manner in which they 
wanted it to function. Elephant in action presents the interaction 
between a child and an artifact when the child begins to dance 
with the elephant. Flower in action presents a child observing 
the artifact and grafting animated properties into it.
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…
Adult: What are you doing?
Child 1: I’m just showing a swinging nest of a bird.
Adult: Who did it?
Child 1: It’s mine.
Adult: Where’s the bird?
Child 1: It has ßown away.
Child 2: Oh, take a piece of paper and make a bird!
The ability to observe a causal connection between the 
physical construction of the robot and its functions was an 
inherently more difÞcult task for the children than the ability to 
observe a causal connection between the graspable 
programming (which resulted from the children’s own actions) 
and the robot’s functions. Thus, for instance, some children 
constructed a robot that pleased them as an artifact because it 
(the physical robot) corresponded with their idea of what it 
should be. The causal connections between the construction of a 
robot and that robotÕs functions were difÞcult for the children to 
predict. After some of the children had programmed the robot, 
they noticed that the robot did not act as they had expected it 
would. The straight walking elephant is an example which 
illustrates the gaps between an image in the child’s mind, the 
artifact and its functions.
Example 58: Straight walking elephant
Adult: What kind of actions would you give your 
robot? 
Child: I want to make this sway and move forwards.
After programming, the child sets the robot onto the 
table and observes the playback.
Child: Doesn’t work! This had to go straight.
Adult: Oh, it had to go straight. But look, what does 
the motor move actually?
Child: (doesn’t pay attention to the adult’s comment, 
but interprets the action of the robot) Good! This 
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robot began to…this robot made itself swing. It was 
supposed to swing actually…This was supposed to 
either go straight forwards or to swing.
Adult: Should the motor move the legs then or is it 
moving on that green brick [in front of the robot, not 
connected to the Active]?
Child: It’s moving on green one, but it can swing, 
too. 
…
Adult: Does it move like you wanted?
Child: Yes.
Adult: What is it?
Child: An elephant. It’s swinging the trunk to move. 
And that’s tail, that’s another leg.
The potential that Topobo offered for devising various forms 
of play introduced an element of joy into the technology 
workshops. This aspect of Topobo made the manipulation of 
technology an enjoyable and accessible experience for the 
children. The children were highly motivated and full of 
enthusiasm in their interactions with Topobo. They generated a 
large number of ideas, pursued a signiÞcant number of 
interactions with Topobo and reacted with a variety of different 
emotions toward the robots. If one is to judge from their 
reactions, the children experienced Topobo as a fascinating tool 
that stimulated their emotions and imagination and attitudes 
toward it, especially regarding the robot’s functions. Some of 
these emotions were excitement and some concern as in cases 
where the children observed a conßict between the way in 
which the robot functioned and the manner in which they 
wanted it to function. Elephant in action presents the interaction 
between a child and an artifact when the child begins to dance 
with the elephant. Flower in action presents a child observing 
the artifact and grafting animated properties into it.
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Example 59: Elephant in action
Child 1: (laughing) It is wagging its trunk and tail! 
Look [says Child 2]! It is wagging its trunk and 
tail!
Child 1: You elephant!
Child 1 imitates the function of the elephant and 
dances with it. 
Example 60: Flower in action
Child: No, no. The ßower is escaping from the table. 
(The child swings the ßower onto the middle of the 
table).
Adult: Is it escaping?
Child: DonÕt fall off the table! You can come here, but 
not here. It runs forward…to that direction (points 
the direction).
Adult: How does it know where to go?
Child: It doesn’t know.
Adult: Is it going wherever it wants to go?
Child: Look, it is going into that direction now. Look, 
it doesn’t know where to go. Don’t go away! This 
ßower doesnÕt obey. I mean this really doesnÕt obey!
The child yells when the ßower ÔescapesÕ again. The 
child swings the ßower close and far, and follows the 
movement of the ßower leaning the head towards the 
table. After watching the ßower for a while, the child 
states that Òit is gallopingÓ. Play with the ßower 
continues in the same way.
…
Adult: Where do you want the ßower to go?
Child: Straight.
Adult: Should you Þx the ßower a bit? How about 
adding some kid of legs? Would it go straight then, 
what do you think?
Child: No, it would go like this….
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Child removes the cable and hurries to Þx the 
construction
Playful action with Topobo was ßavored with imagination 
and narrative interpretations about Topobo robots. Regarding 
self-designed robots, the children evaluated the functions of the 
robots based on the similarities between their ideas about the 
robot and the completed artifact. In the case of model robots, the 
evaluation was based on the correctness of construction and 
correspondence between functions and image. The emerging of 
ideas for new artifacts ensured the continuity between 
completing one artifact and starting work on another.
5.4.3. RUBI
Playful action with RUBI is based on play with RUBI in terms of 
music, the word game and physical properties. Playful actions 
used the full repertoire of RUBIÕs robotic properties that 
variedly inspired the children to play and interact with RUBI. 
Action with RUBI also highlighted childrenÕs different ways to 
act with RUBI and to use the properties of RUBI. For instance, 
someone concentrated on watching and listening to RUBI, 
whereas someone else focused on touching and playing with 
physical properties. 
The music structured the session. After orientation and 
occasional function manipulation, the children began the play 
session with RUBI by listening to the song of the seagull which 
they also watched as an animation on RUBIÕs screen. The session 
ended with a song and animation about a frog. Besides 
structuring the session, the music served as entertainment and a 
trigger for interaction. The children listened to the music, 
danced in time with it and probably also in time with RUBIÕs 
dance action while also watching the animation. The children 
showed a variety of reactions to the music in different sessions. 
Sometimes the music made them dance and every now and then 
they would sit in front of RUBI or on the pillow next to the 
computer and listen to the music. Overall, the music acted as an 
entertainer in these situations. The music also functioned as a 
trigger to interaction with RUBI. In the beginning, it encouraged 
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Example 59: Elephant in action
Child 1: (laughing) It is wagging its trunk and tail! 
Look [says Child 2]! It is wagging its trunk and 
tail!
Child 1: You elephant!
Child 1 imitates the function of the elephant and 
dances with it. 
Example 60: Flower in action
Child: No, no. The ßower is escaping from the table. 
(The child swings the ßower onto the middle of the 
table).
Adult: Is it escaping?
Child: DonÕt fall off the table! You can come here, but 
not here. It runs forward…to that direction (points 
the direction).
Adult: How does it know where to go?
Child: It doesn’t know.
Adult: Is it going wherever it wants to go?
Child: Look, it is going into that direction now. Look, 
it doesn’t know where to go. Don’t go away! This 
ßower doesnÕt obey. I mean this really doesnÕt obey!
The child yells when the ßower ÔescapesÕ again. The 
child swings the ßower close and far, and follows the 
movement of the ßower leaning the head towards the 
table. After watching the ßower for a while, the child 
states that Òit is gallopingÓ. Play with the ßower 
continues in the same way.
…
Adult: Where do you want the ßower to go?
Child: Straight.
Adult: Should you Þx the ßower a bit? How about 
adding some kid of legs? Would it go straight then, 
what do you think?
Child: No, it would go like this….
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Child removes the cable and hurries to Þx the 
construction
Playful action with Topobo was ßavored with imagination 
and narrative interpretations about Topobo robots. Regarding 
self-designed robots, the children evaluated the functions of the 
robots based on the similarities between their ideas about the 
robot and the completed artifact. In the case of model robots, the 
evaluation was based on the correctness of construction and 
correspondence between functions and image. The emerging of 
ideas for new artifacts ensured the continuity between 
completing one artifact and starting work on another.
5.4.3. RUBI
Playful action with RUBI is based on play with RUBI in terms of 
music, the word game and physical properties. Playful actions 
used the full repertoire of RUBIÕs robotic properties that 
variedly inspired the children to play and interact with RUBI. 
Action with RUBI also highlighted childrenÕs different ways to 
act with RUBI and to use the properties of RUBI. For instance, 
someone concentrated on watching and listening to RUBI, 
whereas someone else focused on touching and playing with 
physical properties. 
The music structured the session. After orientation and 
occasional function manipulation, the children began the play 
session with RUBI by listening to the song of the seagull which 
they also watched as an animation on RUBIÕs screen. The session 
ended with a song and animation about a frog. Besides 
structuring the session, the music served as entertainment and a 
trigger for interaction. The children listened to the music, 
danced in time with it and probably also in time with RUBIÕs 
dance action while also watching the animation. The children 
showed a variety of reactions to the music in different sessions. 
Sometimes the music made them dance and every now and then 
they would sit in front of RUBI or on the pillow next to the 
computer and listen to the music. Overall, the music acted as an 
entertainer in these situations. The music also functioned as a 
trigger to interaction with RUBI. In the beginning, it encouraged 
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the children to play with RUBI. During the word game, the 
music made the children wait for the game as indicated by the 
wishes of the children during function manipulation. At the end 
of the session, it brought those children who had lost touch with 
RUBI back to it. Activities with music and music as a trigger 
present the exemplars of music as a entertainer towards 
children’s actions.
Example 61: Activities with music
Three children come up to RUBI at the beginning of 
the session. The song about a seagull begins. The 
children listen to the song. Two of them begin to 
sway in time with the music. One child pays 
attention to the moving hands and head and touches 
them.
Two children come up to RUBI. One child sits down 
in front of RUBI and waits. The seagull song begins. 
The child claps hands, then points at the animation 
and says something. Another child hunkers down 
and watches the screen. Both of them listen to the 
song.
Example 62: Music as trigger
A child is not interacting with RUBI and lolls on the 
pillows near RUBI. The song about the frog begins to 
play at the end of the session. The child immediately 
looks at RUBI, stands up and moves to the front of 
RUBI, listens to the song and watches the animation.
The main educational activity of the session was framed by 
the word game. Framed, because the children did not only play 
the game as it was meant to be play, but they misplayed it and 
did other activities near RUBI. 
At Þrst the children needed support from an adult in order to 
play the word game with RUBI. The adult, for instance, showed 
the children how to give items to RUBI. In the following 
sessions, however, the children played with RUBI more 
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autonomously and only occasionally received facilitation from 
the adults. The word game included hearing the name of an 
item as spoken by RUBI and seeing the picture of the item 
displayed on the screen at the same time. After this RUBI 
repeated the name of the item and asked a child to then do it. As 
a hint RUBI opened and closed its hands. After receiving the 
item, RUBI repeated the name of the item, moved its arms 
backwards and then handed the item back or alternatively 
dropped it before handing it back. After completing the task, 
RUBI clapped its hands and cheered. RUBI asked for items from 
the children, one after another following the same basic 
procedure with slight variations. Handing over a train presents 
an example of playing the game together with an adult. 
Handing over a ball is an example of a child playing alone with 
RUBI and managing to give a ball successfully to RUBI.
Example 63: Handing over a train
An adult is demonstrating the play with RUBI. A 
child sits on the adult’s lap and watches.
Adult: How about this one?
RUBI: It is train.
Adult: Train.
RUBI: Give me a train.
The adult and the child give the train to RUBI 
together. 
RUBI. Thank you. Train. It is train.
RUBI moves the item, hands it back and cheers.
Example 64: Handing over a ball
A child picks up a ball from the ßoor.
RUBI: It is a ball. Give me a ball (laughs).
The child gives the ball into RUBI’s hand. RUBI 
recognizes the ball and catches it.
RUBI: Ball (RUBI is holding the ball).
The child follows RUBI’s action.
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the children to play with RUBI. During the word game, the 
music made the children wait for the game as indicated by the 
wishes of the children during function manipulation. At the end 
of the session, it brought those children who had lost touch with 
RUBI back to it. Activities with music and music as a trigger 
present the exemplars of music as a entertainer towards 
children’s actions.
Example 61: Activities with music
Three children come up to RUBI at the beginning of 
the session. The song about a seagull begins. The 
children listen to the song. Two of them begin to 
sway in time with the music. One child pays 
attention to the moving hands and head and touches 
them.
Two children come up to RUBI. One child sits down 
in front of RUBI and waits. The seagull song begins. 
The child claps hands, then points at the animation 
and says something. Another child hunkers down 
and watches the screen. Both of them listen to the 
song.
Example 62: Music as trigger
A child is not interacting with RUBI and lolls on the 
pillows near RUBI. The song about the frog begins to 
play at the end of the session. The child immediately 
looks at RUBI, stands up and moves to the front of 
RUBI, listens to the song and watches the animation.
The main educational activity of the session was framed by 
the word game. Framed, because the children did not only play 
the game as it was meant to be play, but they misplayed it and 
did other activities near RUBI. 
At Þrst the children needed support from an adult in order to 
play the word game with RUBI. The adult, for instance, showed 
the children how to give items to RUBI. In the following 
sessions, however, the children played with RUBI more 
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autonomously and only occasionally received facilitation from 
the adults. The word game included hearing the name of an 
item as spoken by RUBI and seeing the picture of the item 
displayed on the screen at the same time. After this RUBI 
repeated the name of the item and asked a child to then do it. As 
a hint RUBI opened and closed its hands. After receiving the 
item, RUBI repeated the name of the item, moved its arms 
backwards and then handed the item back or alternatively 
dropped it before handing it back. After completing the task, 
RUBI clapped its hands and cheered. RUBI asked for items from 
the children, one after another following the same basic 
procedure with slight variations. Handing over a train presents 
an example of playing the game together with an adult. 
Handing over a ball is an example of a child playing alone with 
RUBI and managing to give a ball successfully to RUBI.
Example 63: Handing over a train
An adult is demonstrating the play with RUBI. A 
child sits on the adult’s lap and watches.
Adult: How about this one?
RUBI: It is train.
Adult: Train.
RUBI: Give me a train.
The adult and the child give the train to RUBI 
together. 
RUBI. Thank you. Train. It is train.
RUBI moves the item, hands it back and cheers.
Example 64: Handing over a ball
A child picks up a ball from the ßoor.
RUBI: It is a ball. Give me a ball (laughs).
The child gives the ball into RUBI’s hand. RUBI 
recognizes the ball and catches it.
RUBI: Ball (RUBI is holding the ball).
The child follows RUBI’s action.
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RUBI: (laughs again). Thank you (drops the ball onto 
the ßoor).
The child takes the ball.
RUBI: (cheers)
The children did not only give items to RUBI’s hands, but 
also showed items to RUBI’s screen. They either gave or showed 
an item that RUBI asked, but also showed RUBI some other 
items. Occasionally, the children took the correct item from the 
ßoor, but did not give it to RUBI. Besides the items which RUBI 
could recognize and name, the children handed over items like 
soft blocks which were to be found in the classroom. As 
presented in function manipulation, RUBI was able to recognize 
them, but not to name them. Often the other items did not 
match RUBI’s hands because of size and weight issues. Showing 
a shoe is an example of showing RUBI an item. Wrong item 
gives an example of handing RUBI an item which differs from 
the one asked.
Example 65: Showing a shoe
A child sits in front of RUBI. RUBI’s items are 
around the child on the ßoor. RUBI claps hands and 
laughs.
RUBI: Shoe (says the name of the child), give me a 
shoe.
The child takes the shoe from the ßoor and shows the 
shoe to RUBI. At the same time the child repeats the 
name of the shoe “shoe”.
RUBI: (repeats the word shoe as a melody, laughs).
The child sits in front of RUBI and listens to it.
Example 66: Wrong item
A child sits on a pillow holding a train and a ball in 
hand. An adult is further away in the classroom and 
guides the child. 
RUBI: Give me a shoe.
Adult: What does she want?
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RUBI: Give me a shoe. Shoe.
The child looks at RUBI and extends the train 
towards RUBI. Then the child drops the train and 
holds only the ball. The child tries to give RUBI the 
ball and holds the ball in front of RUBI’s hand. RUBI 
reacts to the child’s action and changes the item.
RUBI: Give me a ball.
Adult: What did RUBI say?
RUBI: Ball.
Child: (repeats) Ball. 
RUBI does not grasp the ball which the child has 
tried to give. The child stops trying and touches 
RUBI’s hand instead.
RUBI: no-no.
RUBI: Ball. It is a ball.
The child touches the hand again, but does not give 
the item to RUBI.
As Examples 67 and 68 illustrate, the children imitated RUBI 
by saying the words that RUBI said. The imitation was not an 
expected function in the game and therefore RUBI did not ask 
the children to imitate. Instead, the adult asked questions related 
to RUBI’ words, especially in the case of children who could 
already speak some words. However, an adult intervention was 
not required since the children repeated words which they had 
heard from RUBI without being requested. The words that they 
repeated were ball, shoe, train and book. The word bottle was 
not repeated. Imitation serves as example of a situation where 
one child incidentally repeats a word heard from RUBI. In 
another session, the child repeats the words purposefully as the 
example repeating the words illustrates.
Example 67: Imitation
Two children have been working with RUBI for a 
while. Now they sit on the ßoor, but are not actively 
playing with RUBI anymore. The word game is in 
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RUBI: (laughs again). Thank you (drops the ball onto 
the ßoor).
The child takes the ball.
RUBI: (cheers)
The children did not only give items to RUBI’s hands, but 
also showed items to RUBI’s screen. They either gave or showed 
an item that RUBI asked, but also showed RUBI some other 
items. Occasionally, the children took the correct item from the 
ßoor, but did not give it to RUBI. Besides the items which RUBI 
could recognize and name, the children handed over items like 
soft blocks which were to be found in the classroom. As 
presented in function manipulation, RUBI was able to recognize 
them, but not to name them. Often the other items did not 
match RUBI’s hands because of size and weight issues. Showing 
a shoe is an example of showing RUBI an item. Wrong item 
gives an example of handing RUBI an item which differs from 
the one asked.
Example 65: Showing a shoe
A child sits in front of RUBI. RUBI’s items are 
around the child on the ßoor. RUBI claps hands and 
laughs.
RUBI: Shoe (says the name of the child), give me a 
shoe.
The child takes the shoe from the ßoor and shows the 
shoe to RUBI. At the same time the child repeats the 
name of the shoe “shoe”.
RUBI: (repeats the word shoe as a melody, laughs).
The child sits in front of RUBI and listens to it.
Example 66: Wrong item
A child sits on a pillow holding a train and a ball in 
hand. An adult is further away in the classroom and 
guides the child. 
RUBI: Give me a shoe.
Adult: What does she want?
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RUBI: Give me a shoe. Shoe.
The child looks at RUBI and extends the train 
towards RUBI. Then the child drops the train and 
holds only the ball. The child tries to give RUBI the 
ball and holds the ball in front of RUBI’s hand. RUBI 
reacts to the child’s action and changes the item.
RUBI: Give me a ball.
Adult: What did RUBI say?
RUBI: Ball.
Child: (repeats) Ball. 
RUBI does not grasp the ball which the child has 
tried to give. The child stops trying and touches 
RUBI’s hand instead.
RUBI: no-no.
RUBI: Ball. It is a ball.
The child touches the hand again, but does not give 
the item to RUBI.
As Examples 67 and 68 illustrate, the children imitated RUBI 
by saying the words that RUBI said. The imitation was not an 
expected function in the game and therefore RUBI did not ask 
the children to imitate. Instead, the adult asked questions related 
to RUBI’ words, especially in the case of children who could 
already speak some words. However, an adult intervention was 
not required since the children repeated words which they had 
heard from RUBI without being requested. The words that they 
repeated were ball, shoe, train and book. The word bottle was 
not repeated. Imitation serves as example of a situation where 
one child incidentally repeats a word heard from RUBI. In 
another session, the child repeats the words purposefully as the 
example repeating the words illustrates.
Example 67: Imitation
Two children have been working with RUBI for a 
while. Now they sit on the ßoor, but are not actively 
playing with RUBI anymore. The word game is in 
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session. RUBI tries to catch their attention by saying 
the name of one child. The child is holding a book.
RUBI: It is a ball. Give me a ball. Ball.
The child looks at the picture displayed on the screen.
RUBI: Give me a ball.
Child: Ball.
The child puts the book onto the screen. Another 
child sits on the ßoor holding a train and does not 
pay attention to RUBI.
Example 68: Repeating the words
A child comes up to RUBI and bends towards the 
front of RUBI. RUBI says the child’s name.
RUBI: Ball
Child: (repeats) Ball.
RUBI repeats the word ball in melody.
The child sits in front of RUBI and holds a ball. The 
child touches the picture of the ball on the screen and 
says: “ball”.
Playful actions with RUBI did not focus merely on 
educational software, but also on the physical properties of the 
game. The focus on RUBI’s physical properties was typical of 
some children. The use of physical properties ranged from 
minor (a child who hardly touched RUBI but focused on the 
game and the music) to major (a child who focused actions on 
the head, body and hands instead of playing the game or 
watching an animation). Actions focused on the head included 
shaking the head and pressing the touch sensors. To the Þrst 
mentioned action RUBI reacted by denying action and saying 
“no-no”. The second action produced a laugh from RUBI. The 
example of interaction via physical properties illustrates the use 
of physical properties on one child.
Example 69: Interaction via physical properties
A child sits on a pillow next to RUBI. The word 
game is in session. RUBI repeats the name of the 
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items and the child’s name every now and then. The 
child does not pay attention to the game at all. 
Instead, the child touches RUBI’s arm. The hand 
opens and closes a bit. The child looks at the arm. In 
other sessions, the child frequently stands next or in 
front of RUBI and touches the head, the hands and 
the touch sensor on RUBI’s head. Every now and 
then the child is delighted by RUBI’s response, the 
shaking of the head and the laugh.
RUBI’s hands were tricky to use for the children, since they 
required exact timing in extending an item towards RUBI. 
Therefore, the children failed to give items to RUBI on several 
occasions in different sessions. The recurring difÞculties in 
handing an item to RUBI resulted in the children desisting from 
performing that particular function with RUBI and the children 
rather turned their attention towards other of RUBI’s functions 
or other activities in the classroom. The case of the hands was 
not the only failing. The lack of correspondence between RUBI’s 
actions and the children’s wishes and attempts was also noticed, 
for instance regarding the wish to activate the music function. 
Losing touch with RUBI occurred in three phases. Firstly the 
children stopped paying attention to RUBI, but stayed in its 
proximity. They did not heed RUBI’s calls, the ongoing game or 
physical function displayed by RUBI. Secondly the children 
started engaging in side activities near RUBI, such as reading a 
book. Despite the lack of activities with RUBI, the children spent 
a long time near RUBI waiting for interesting activities. Thirdly 
the children left RUBI for a while, but still stayed in the 
classroom. Finally, contact and interaction was lost all together 
when the children left the room. To engage and then keep 
children’s attention, RUBI called out the children’s names, 
clapped hands, asked and named the items and laughed. 
Instead of the physical and social function that RUBI presented 
to catch children’s attention, music was the function which 
invited and coaxed the children back to engage with RUBI. The 
example of lost touch presents the progress from failed actions 
to giving up on interaction with RUBI. 
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handing an item to RUBI resulted in the children desisting from 
performing that particular function with RUBI and the children 
rather turned their attention towards other of RUBI’s functions 
or other activities in the classroom. The case of the hands was 
not the only failing. The lack of correspondence between RUBI’s 
actions and the children’s wishes and attempts was also noticed, 
for instance regarding the wish to activate the music function. 
Losing touch with RUBI occurred in three phases. Firstly the 
children stopped paying attention to RUBI, but stayed in its 
proximity. They did not heed RUBI’s calls, the ongoing game or 
physical function displayed by RUBI. Secondly the children 
started engaging in side activities near RUBI, such as reading a 
book. Despite the lack of activities with RUBI, the children spent 
a long time near RUBI waiting for interesting activities. Thirdly 
the children left RUBI for a while, but still stayed in the 
classroom. Finally, contact and interaction was lost all together 
when the children left the room. To engage and then keep 
children’s attention, RUBI called out the children’s names, 
clapped hands, asked and named the items and laughed. 
Instead of the physical and social function that RUBI presented 
to catch children’s attention, music was the function which 
invited and coaxed the children back to engage with RUBI. The 
example of lost touch presents the progress from failed actions 
to giving up on interaction with RUBI. 
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Example 70: Lost touch
Two children come up to RUBI. One child touches 
the screen immediately, whereas the other sits down 
on the pillow. The seagull song begins. Both of them 
listen to the song. In addition, Child 1 touches the 
touch sensors, which makes RUBI laugh.
…
RUBI plays the word game. Child 1 takes the ball, 
but does not give it to RUBI. Instead, the child holds 
the ball throughout the game and repeats the word 
‘ball’ on occasion after RUBI. Child 2 picks up the 
correct items from the ßoor twice, but does not give 
the items to RUBI. Instead, the child sits on the 
pillow next to RUBI.
…
The children pick up other items from the ßoor than 
those requested. RUBI reacts to the child’s actions 
and repeats the names of the items that the child is 
holding. The children do not interact with RUBI.
…
The children sit near RUBI and hold items in their 
hands. RUBI asks the children to hand over the 
items, hints at the requested action by clapping 
hands, repeating the request and using social 
functions to catch attention. The children do not 
react to RUBI. Calling out the child’s name elicits a 
response - Child 1 turns to look at RUBI. 
…
Child 2 extends a bottle towards RUBI’s hand. The 
action however is so short that RUBI cannot grasp 
the bottle.
…
The children move somewhat further away from 
RUBI. They do not pay attention to RUBI that has 
the game going on. In addition, RUBI uses the full 
repertoire of actions to catch the children’s attention.
…
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The children loll on the pillows and do not interact 
with RUBI. They stand up and start leaving RUBI. 
RUBI starts the frog song. The children get excited 
and immediately return to RUBI. They listen to the 
song, watch the animation and sway in time with the 
music.
The use of RUBI’s social functions, which include for instance 
laughing, following an object and movement, calling the name, 
did not appear saliently among the children. Laughing was a 
function that evoked response in children when the children 
evoked the function by themselves by pressing the sensors. 
Movement of the head caught the children’s attention 
occasionally, which evoked touching of the head. Some of the 
children reacted to their name being called by turning to look at 
RUBI or pointing at themselves. A reaction to being called by the 
name however occurred seldom and did not manifest among 
the children who were losing or had already lost touch with 
RUBI. To conclude, social properties did not direct children’s 
activities saliently, but remained coincidental incidents.
Overall, RUBI was a tool that the children wanted to work 
with. They needed some support from the adults to understand 
how to play with RUBI, but continued their actions quite 
autonomously. Action with RUBI was ßavored by RUBIÕs 
control over the session since actions were based on observing 
and implementing ‘that which RUBI wants’. The children 
showed their individual interests and preferred ways of 
interaction by playing with RUBI in a variety of ways. RUBI 
created two-dimensional interaction between itself and the 
children, however holding control over the action by itself. The 
children broke RUBI’s control by using it in a different way than 
excepted and conducting activities they were interested in.
5.5. SUMMARY
The orientation phase presented childrenÕs ideas and reßected 
upon their previous experiences and knowledge of working 
with educational robotics. Children’s experiences with 
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The children loll on the pillows and do not interact 
with RUBI. They stand up and start leaving RUBI. 
RUBI starts the frog song. The children get excited 
and immediately return to RUBI. They listen to the 
song, watch the animation and sway in time with the 
music.
The use of RUBI’s social functions, which include for instance 
laughing, following an object and movement, calling the name, 
did not appear saliently among the children. Laughing was a 
function that evoked response in children when the children 
evoked the function by themselves by pressing the sensors. 
Movement of the head caught the children’s attention 
occasionally, which evoked touching of the head. Some of the 
children reacted to their name being called by turning to look at 
RUBI or pointing at themselves. A reaction to being called by the 
name however occurred seldom and did not manifest among 
the children who were losing or had already lost touch with 
RUBI. To conclude, social properties did not direct children’s 
activities saliently, but remained coincidental incidents.
Overall, RUBI was a tool that the children wanted to work 
with. They needed some support from the adults to understand 
how to play with RUBI, but continued their actions quite 
autonomously. Action with RUBI was ßavored by RUBIÕs 
control over the session since actions were based on observing 
and implementing ‘that which RUBI wants’. The children 
showed their individual interests and preferred ways of 
interaction by playing with RUBI in a variety of ways. RUBI 
created two-dimensional interaction between itself and the 
children, however holding control over the action by itself. The 
children broke RUBI’s control by using it in a different way than 
excepted and conducting activities they were interested in.
5.5. SUMMARY
The orientation phase presented childrenÕs ideas and reßected 
upon their previous experiences and knowledge of working 
with educational robotics. Children’s experiences with 
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educational robotics accumulated as a result of repetitive actions 
with educational robotics. Therefore, following the stages of 
orientation were inßuenced by previous experiences: the second 
LEGO NXT robotic project, construction of another Topobo 
robot and the next play session with RUBI.
Regarding programmable construction kitsÕ structure 
manipulation was a fundamental stage in order to create a 
robotic artifact to interact with. Manipulation consisted of 
adding, removing and moving of the position of single bricks or 
larger components of a robotic artifact. It took place in the Þrst 
instance as constructing a robot, then as repairing and 
rebuilding of the robot after the need for improvements had 
been observed. Despite the previous or the following stage of 
action, structure manipulation was always focused on the 
physical form of the robot. The issue at stake was merely 
programmable robotics construction kits because the social 
robot RUBI did not have structure manipulation as an option.
Three different robots provided three different syntaxes with 
which to manipulate the functions of the robots. By 
manipulating the functions of the robot, the children aimed to 
affect the robotÕs behavior. LEGO NXT and Topobo opened up 
access to the children to determine the available functions of the 
robot by themselves through programming it. Manipulation 
took place on computer and graphical programming interface 
with LEGO NXT. Topobo was manipulated through a graspable 
programming interface and by recording movements for the 
robots. Function manipulation of RUBI was not an available 
option to children in the same way as function manipulation on 
the programmable robotics construction kits. Instead, pre-
programmed robot RUBI involved the children to play with it 
and gave an option to affect a response from the robot through a 
physical interface.
The continuum of actions that children performed with the 
robot played a key role instead of single instances of use. 
Putting a robot into operation, observing its functions and the 
consequent reactions to them determined the continuity. Action 
also emerged as valuing and evaluating of the properties and 
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functions of the robot and reßecting them into individual 
interests. From the technical viewpoint, action with the robot 
meant interaction between a child and a robot. To the children, it 
meant taking advantage of the robotic properties. As far as the 
robots were concerned, interaction meant recognizing the 
children's actions and responding to their initiatives. It was a 
question of facilitating meaningful interaction between 
educational robotics and children.
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functions of the robot and reßecting them into individual 
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6. Substantive theory on 
encounters between 
educational robotics and 
children
Encounters between educational robotics and children can be 
based on four stages that highlight the properties of educational 
robotics. These encounters were rich and evoked varying 
representations of educational robotics to children at different 
stages in the encounters. This chapter presents the results of 
axial coding that deÞned the dimensions of the encounters from 
the four stages of encounters and from the childrenÕs actions 
with educational robotics. The dimensions were then further 
elaborated upon in the phase of selective coding that revealed 
different types of representations of educational robotics and 
Þnally captured a common denominator for the elements of 
encounters that became the core category to the substantive 
theory on encounters.
6.1. DIMENSIONS OF ENCOUNTERS
Encounters included elements from the properties of 
educational robotics and from childrenÕs action with educational 
robotics during the stages of orientation, structure manipulation, 
function manipulation and playful action. As a result, 
encounters were identiÞed in terms of a two-dimensional model 
that presented the roles of educational robotics as a promoter 
Substantive theory on encounters between educational robotics and 
children
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and a preventer and the roles of children as recipients and 
producers through the various stages (Figure 31). In Figure 31, 
the reading the stages commences with orientation and 
continues via structure manipulation and function manipulation 
to playful action.
EDUCATIONAL ROBOTICS AS PROMOTER
EDUCATIONAL ROBOTICS AS PREVENTER
CHILDREN 
AS 
PRODUCERS
CHILDREN 
AS 
RECIPIENTS
ORIENTATION
STRUCTURE MANIPULATION
FUNCTION MANIPULATION
PLAYFUL ACTION
Figure 31. The stages and the dimensions of encounters
Educational robotics was a promoter when it evoked 
properties and actions that inspired the children to act with it 
and when it responded to children’s initiatives. As preventer, 
educational robotics provided narrow possibilities for children 
to interact with it and it did not respond to children’s initiatives. 
As preventer educational robotics might have had extensive 
technical properties but these were, however, limited in their 
availability to the children.
When the children focused their actions on the robot (for 
instance by manipulating the robot) or when they otherwise 
took advantage of the robotic properties for their own interest, 
the children’s role was that of a producer. As producers, children 
exerted control over educational robotics. On the other hand 
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children were recipients when they observed the functions of 
the robot and interpreted and imitated them. Then, as recipients, 
educational robotics controlled children’s actions.
The next subchapters present the combinations of the 
dimensions by presenting each combination as regards each of 
three types of educational robotics. The consequences of each 
combination to children’s actions are also considered.
6.1.1. Educational robotics as a promoter– children as 
recipients
The combination of educational robotics as a promoter and 
children as recipients evoked educational robotics-directed 
action which showcased the possibilities of technology to the 
children. Educational robotics was a promoter when it presented 
its potential and meaning for activities with it. Children were 
recipients as observers and interpreters of the properties and 
functions of educational robotics. In this combination of 
dimensions, encounters based on communication occurred 
mainly from educational robotics to children. (Figure 32)
Figure 32. Educational robotics as a promoter and children as recipients
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Educational robotics emerged as a promoter and children as 
recipients at all stages of action, from orientation to playful 
action. RUBI was a promoter and children, when engaging with 
RUBI, were cast in the role of recipient during the orientation 
stage. LEGO NXT and Topobo did not, however, emerge in this 
combination of dimensions at the stage of orientation, because 
activities with them required the children to take initiative if 
they wanted to make any progress. The social robot RUBI took 
the initiative for action and directed the when, what and how of 
the childrenÕs actions with it by deÞning content, method and a 
learning topic. During orientation RUBI greeted children, called 
their names and started playing the seagull song when the 
timing was right. The children did not have an effect on RUBI’s 
functions, but instead they observed the properties and 
functions of RUBI and this helped them to understand the rules 
and content which governed playtime with RUBI.
At the stage of structure manipulation, RUBI did not appear 
in this combination of dimensions, because structure 
manipulation did not occur with RUBI. Instead, self-designed 
and model-based robot artifacts (LEGO NXT and Topobo) 
revealed their structural functionality to children whilst 
inspiring them and this made LEGO NXT and Topobo 
promoters. For example, when the children investigated options 
for attaching components to the self-designed robot artifacts and 
made observations about the function of the components, the 
components showed how they could be connected and made to 
work as part of the artifact. Self-designed artifacts also inspired 
the children to imagine a purpose for the artifact and to name it. 
Naming occurred after completion of the artifact and was based 
on imagination and interpretations regarding the physical 
properties of the artifact. In Example 20 (page 111), which deals 
with balancing of a Topobo elephant, structure manipulation 
served as a stage for evaluating the properties of the artifact and 
naming the robot. In the case of the model LEGO NXT robot 
artifacts, a robot showed its purpose to the children and hinted 
at possible functions to be incorporated into it. For example, 
when children constructed the artifact literally from the 
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instructions and the working pair had some imbalances in 
sharing the work, the artifact showed its meaning and answered 
the question ‘what is this going to be?’ 
Educational robotics as promoter and children as recipients, 
during the structure manipulation stage, suggested ideas for the 
further development of the robot and inspired the children to 
move to the next stage or to remain in structure manipulation in 
order to improve their LEGO NXGT and Topobo artifacts.
Function manipulation did not happen in this combination of 
dimensions with LEGO NXT and Topobo. Since programming 
Þrstly required a move from the children, their actions were not 
categorizable under children as recipients. There was no reason 
to classify LEGO NXT into the category because NXT-G did not 
reveal the function of the artifact to the children during 
programming. Therefore, the children did not receive feedback 
from the artifact. The recording of a movement on Topobo did 
not show the recorded function to the children in this stage, 
therefore the children did not receive feedback from the artifact. 
Function manipulation with RUBI did not take place in the same 
way in which it was possible with LEGO NXT and Topobo. 
However, if one considers function manipulation from RUBI’s 
viewpoint (especially in those incidents in which RUBI lead the 
process by showing a wanted action) function manipulation in 
this category could be a possibility. When RUBI for instance 
showed that it wanted a toy, children were recipients and 
educational robotics a promoter by suggesting activities. As the 
action was rather limiting than enabling from the children’s 
point of view, I excluded the case from the category.
At the stage of playful action, all three types of educational 
robotics presented properties and functions which the children 
observed, interpreted and experienced. This kind of activity 
made educational robotic a promoter and children as recipients.
Activities in which the children were recipients and RUBI a 
promoter happened repeatedly. RUBIÕs properties and functions 
as a learning tool were unique, which made it a promoter for 
learning. In the case of LEGO NXT and Topobo, the functions 
were the ones which the children had already created and 
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Educational robotics emerged as a promoter and children as 
recipients at all stages of action, from orientation to playful 
action. RUBI was a promoter and children, when engaging with 
RUBI, were cast in the role of recipient during the orientation 
stage. LEGO NXT and Topobo did not, however, emerge in this 
combination of dimensions at the stage of orientation, because 
activities with them required the children to take initiative if 
they wanted to make any progress. The social robot RUBI took 
the initiative for action and directed the when, what and how of 
the childrenÕs actions with it by deÞning content, method and a 
learning topic. During orientation RUBI greeted children, called 
their names and started playing the seagull song when the 
timing was right. The children did not have an effect on RUBI’s 
functions, but instead they observed the properties and 
functions of RUBI and this helped them to understand the rules 
and content which governed playtime with RUBI.
At the stage of structure manipulation, RUBI did not appear 
in this combination of dimensions, because structure 
manipulation did not occur with RUBI. Instead, self-designed 
and model-based robot artifacts (LEGO NXT and Topobo) 
revealed their structural functionality to children whilst 
inspiring them and this made LEGO NXT and Topobo 
promoters. For example, when the children investigated options 
for attaching components to the self-designed robot artifacts and 
made observations about the function of the components, the 
components showed how they could be connected and made to 
work as part of the artifact. Self-designed artifacts also inspired 
the children to imagine a purpose for the artifact and to name it. 
Naming occurred after completion of the artifact and was based 
on imagination and interpretations regarding the physical 
properties of the artifact. In Example 20 (page 111), which deals 
with balancing of a Topobo elephant, structure manipulation 
served as a stage for evaluating the properties of the artifact and 
naming the robot. In the case of the model LEGO NXT robot 
artifacts, a robot showed its purpose to the children and hinted 
at possible functions to be incorporated into it. For example, 
when children constructed the artifact literally from the 
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instructions and the working pair had some imbalances in 
sharing the work, the artifact showed its meaning and answered 
the question ‘what is this going to be?’ 
Educational robotics as promoter and children as recipients, 
during the structure manipulation stage, suggested ideas for the 
further development of the robot and inspired the children to 
move to the next stage or to remain in structure manipulation in 
order to improve their LEGO NXGT and Topobo artifacts.
Function manipulation did not happen in this combination of 
dimensions with LEGO NXT and Topobo. Since programming 
Þrstly required a move from the children, their actions were not 
categorizable under children as recipients. There was no reason 
to classify LEGO NXT into the category because NXT-G did not 
reveal the function of the artifact to the children during 
programming. Therefore, the children did not receive feedback 
from the artifact. The recording of a movement on Topobo did 
not show the recorded function to the children in this stage, 
therefore the children did not receive feedback from the artifact. 
Function manipulation with RUBI did not take place in the same 
way in which it was possible with LEGO NXT and Topobo. 
However, if one considers function manipulation from RUBI’s 
viewpoint (especially in those incidents in which RUBI lead the 
process by showing a wanted action) function manipulation in 
this category could be a possibility. When RUBI for instance 
showed that it wanted a toy, children were recipients and 
educational robotics a promoter by suggesting activities. As the 
action was rather limiting than enabling from the children’s 
point of view, I excluded the case from the category.
At the stage of playful action, all three types of educational 
robotics presented properties and functions which the children 
observed, interpreted and experienced. This kind of activity 
made educational robotic a promoter and children as recipients.
Activities in which the children were recipients and RUBI a 
promoter happened repeatedly. RUBIÕs properties and functions 
as a learning tool were unique, which made it a promoter for 
learning. In the case of LEGO NXT and Topobo, the functions 
were the ones which the children had already created and 
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programmed in the previous stages. With LEGO NXT, the 
children typically interpreted the functions of the robot by 
imagining them as alive or evaluating the correctness of the 
functions. They also transferred human characteristics to the 
robot, for instance when a LEGO NXT robot was interpreted as 
being tired after it presented malfunctions. Playful action with 
Topobo showed the associating of imaginary properties to the 
robot during play. Topobo served as a promoter when it 
enriched imagination and interaction with possible artifacts and, 
in so doing, inspired the children to invent new artifacts. 
The children were recipients, when they observed and 
interpreted functions of educational robotics without the 
intention to intervene with the functions. With RUBI, activities 
for learning were directed by RUBI as it chose the items with 
which to play and named the items in the game. Listening to the 
songs also cast the children in the role of recipients, but it also 
encouraged them to move in time to the music. As recipients 
with Topobo, children’s actions focused on watching the robot 
but they also often animated the functions and assigned varied 
imaginary functions to the artifacts and described the functions 
of the artifacts as a narrative. The escaping ßower was one such 
situation. Children’s interpretations and experiences related to 
robots’ actions showed that robots inspired enriched 
interpretations that promoted children’s commitment to work 
with robots.
6.1.2. Educational robotics as a promoter– children as 
producers
The combination of educational robotics as a promoter and 
children as producers evoked action that highlighted interaction 
and engagement between educational robotics and children. 
Educational robotics was a promoter when it responded to 
children’s initiatives and gave the children suggestions to 
facilitate continued work with it. Children were producers when 
they exerted control over the technology which emerged as 
feasible intentions (especially in the orientation stage) and as 
involvement in interaction with educational robotics (in the 
stage of playful action). In this combination of dimensions, 
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encounters were based on bidirectional communication between 
educational robotics and children and it was continuing and 
evolving (Figure 33).
Figure 33. Educational robotics as a promoter and children as producers
In the orientation stage, LEGO NXT emerged as a promoter 
when previous experiences with educational robotics and an 
image provided by LEGO NXT acted as a source of inspiration 
to the children. This however mainly happened in the case of 
self-designed robot artifacts. The children were producers when 
they invented and explored the possibilities of educational 
robotics for self-designed and model-based robots. In this case, 
the children had potential to exert control over technology and 
to take advantage of the properties and functions of educational 
robotics. Appearance and options for implementing the ideas as 
self-designed artifacts made Topobo a promoter. Topobo gave 
the children possibilities to explore its potential and to ideate 
self-designed artifacts in the orientation stage. Successful 
initiatives to make progress with Topobo made children into 
producers with educational robotics.
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programmed in the previous stages. With LEGO NXT, the 
children typically interpreted the functions of the robot by 
imagining them as alive or evaluating the correctness of the 
functions. They also transferred human characteristics to the 
robot, for instance when a LEGO NXT robot was interpreted as 
being tired after it presented malfunctions. Playful action with 
Topobo showed the associating of imaginary properties to the 
robot during play. Topobo served as a promoter when it 
enriched imagination and interaction with possible artifacts and, 
in so doing, inspired the children to invent new artifacts. 
The children were recipients, when they observed and 
interpreted functions of educational robotics without the 
intention to intervene with the functions. With RUBI, activities 
for learning were directed by RUBI as it chose the items with 
which to play and named the items in the game. Listening to the 
songs also cast the children in the role of recipients, but it also 
encouraged them to move in time to the music. As recipients 
with Topobo, children’s actions focused on watching the robot 
but they also often animated the functions and assigned varied 
imaginary functions to the artifacts and described the functions 
of the artifacts as a narrative. The escaping ßower was one such 
situation. Children’s interpretations and experiences related to 
robots’ actions showed that robots inspired enriched 
interpretations that promoted children’s commitment to work 
with robots.
6.1.2. Educational robotics as a promoter– children as 
producers
The combination of educational robotics as a promoter and 
children as producers evoked action that highlighted interaction 
and engagement between educational robotics and children. 
Educational robotics was a promoter when it responded to 
children’s initiatives and gave the children suggestions to 
facilitate continued work with it. Children were producers when 
they exerted control over the technology which emerged as 
feasible intentions (especially in the orientation stage) and as 
involvement in interaction with educational robotics (in the 
stage of playful action). In this combination of dimensions, 
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encounters were based on bidirectional communication between 
educational robotics and children and it was continuing and 
evolving (Figure 33).
Figure 33. Educational robotics as a promoter and children as producers
In the orientation stage, LEGO NXT emerged as a promoter 
when previous experiences with educational robotics and an 
image provided by LEGO NXT acted as a source of inspiration 
to the children. This however mainly happened in the case of 
self-designed robot artifacts. The children were producers when 
they invented and explored the possibilities of educational 
robotics for self-designed and model-based robots. In this case, 
the children had potential to exert control over technology and 
to take advantage of the properties and functions of educational 
robotics. Appearance and options for implementing the ideas as 
self-designed artifacts made Topobo a promoter. Topobo gave 
the children possibilities to explore its potential and to ideate 
self-designed artifacts in the orientation stage. Successful 
initiatives to make progress with Topobo made children into 
producers with educational robotics.
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At the stage of structure manipulation LEGO NXT was a 
promoter and the children producers in the stage of structure 
manipulation but only in the case of self-designed robots. 
Children, who were able to implement their own robot design, 
remained producers of educational robotics, also in the structure 
manipulation stage. These children took advantage of existing 
properties and functions to create and improve self-designed 
artifacts. LEGO NXT could not completely fulÞll the 
requirements as it was missing components such as caterpillar 
treads, which were then taken from other kits and applied to the 
LEGO NXT artifact. Topobo was a promoter and allowed the 
children an open and explorative process when using it. As 
Topobo did not limit children’s activities and they were thus 
able to implement most of their ideas, the great majority of 
events in structure manipulation with Topobo were categorized 
into this combination of dimensions. Since the artifacts evolved 
without explicit plans or instructions, the decision regarding the 
completion of artifacts rested with the children and this made 
them producers. The achievement of this kind of two-
dimensional communication in which the children controlled 
and Topobo enabled the process, occurred after Þrstly observing 
and interpreting the functions of the artifact and then improving 
on them further.
At the stage of playful action, educational robotics emerged 
as a promoter and children as producers through two-
dimensional communication. Regarding RUBI, educational 
robotics appeared as a promoter and the children as producers 
in the situations where the children interacted with the robot’s 
functions and the robot responded to the initiatives in an equal 
and relevant way. A ßuent game (which is characterized by the 
giving and getting of the items with RUBI) and interactive 
(involving the music function) served as examples for the 
playful action in question. The continuum of interaction with 
RUBI however required regular facilitation from adults, 
especially in the facilitation of successful and uninterrupted 
game playing. 
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LEGO NXT was a promoter when it responded to the 
children by presenting different behaviors which the children 
had programmed into it. With Topobo, the children at Þrst 
observed and interpreted the functions of the completed Topobo 
artifacts, after which they continued the interaction whilst 
playing with the artifact. Occasionally, the children became 
involved in the action, as the instance of dancing with the 
Topobo elephant indicated. Play and involved activities 
occurred after the children experienced the presented functions 
of the artifact as being equal to their own ideas and 
expectations. 
Children were especially regarded as producers when they 
were able to take advantage of their observations and use them 
in developing the robot, playing with the robot or inventing new 
robotics projects. Interacting with the self-designed and model-
based robot through testing and playing, highlighted the 
potential of educational robotics for children and led to the 
development of the robot artifact and continued play with it. 
Playful activities between educational robotics and the 
children formed the continuum of initiatives and responses 
which brought about children’s engagement to work with 
educational robotics.
6.1.3. Educational robotics as preventer - children as 
producers
The combination of educational robotics as a preventer and 
children as producers evoked child-directed action which the 
properties and functions of educational robotics substantially 
framed. Educational robotics were a preventer as it set 
limitations, or frames, within which action was inhibited by 
limited options for structure and function manipulation and 
action with the robot. Children were, however, producers as 
progress was only made as a result of children’s work, initiatives 
and contributions. In this combination of dimensions, 
encounters were based on the communication of children’s 
initiatives toward educational robotics (Figure 34).
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At the stage of structure manipulation LEGO NXT was a 
promoter and the children producers in the stage of structure 
manipulation but only in the case of self-designed robots. 
Children, who were able to implement their own robot design, 
remained producers of educational robotics, also in the structure 
manipulation stage. These children took advantage of existing 
properties and functions to create and improve self-designed 
artifacts. LEGO NXT could not completely fulÞll the 
requirements as it was missing components such as caterpillar 
treads, which were then taken from other kits and applied to the 
LEGO NXT artifact. Topobo was a promoter and allowed the 
children an open and explorative process when using it. As 
Topobo did not limit children’s activities and they were thus 
able to implement most of their ideas, the great majority of 
events in structure manipulation with Topobo were categorized 
into this combination of dimensions. Since the artifacts evolved 
without explicit plans or instructions, the decision regarding the 
completion of artifacts rested with the children and this made 
them producers. The achievement of this kind of two-
dimensional communication in which the children controlled 
and Topobo enabled the process, occurred after Þrstly observing 
and interpreting the functions of the artifact and then improving 
on them further.
At the stage of playful action, educational robotics emerged 
as a promoter and children as producers through two-
dimensional communication. Regarding RUBI, educational 
robotics appeared as a promoter and the children as producers 
in the situations where the children interacted with the robot’s 
functions and the robot responded to the initiatives in an equal 
and relevant way. A ßuent game (which is characterized by the 
giving and getting of the items with RUBI) and interactive 
(involving the music function) served as examples for the 
playful action in question. The continuum of interaction with 
RUBI however required regular facilitation from adults, 
especially in the facilitation of successful and uninterrupted 
game playing. 
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LEGO NXT was a promoter when it responded to the 
children by presenting different behaviors which the children 
had programmed into it. With Topobo, the children at Þrst 
observed and interpreted the functions of the completed Topobo 
artifacts, after which they continued the interaction whilst 
playing with the artifact. Occasionally, the children became 
involved in the action, as the instance of dancing with the 
Topobo elephant indicated. Play and involved activities 
occurred after the children experienced the presented functions 
of the artifact as being equal to their own ideas and 
expectations. 
Children were especially regarded as producers when they 
were able to take advantage of their observations and use them 
in developing the robot, playing with the robot or inventing new 
robotics projects. Interacting with the self-designed and model-
based robot through testing and playing, highlighted the 
potential of educational robotics for children and led to the 
development of the robot artifact and continued play with it. 
Playful activities between educational robotics and the 
children formed the continuum of initiatives and responses 
which brought about children’s engagement to work with 
educational robotics.
6.1.3. Educational robotics as preventer - children as 
producers
The combination of educational robotics as a preventer and 
children as producers evoked child-directed action which the 
properties and functions of educational robotics substantially 
framed. Educational robotics were a preventer as it set 
limitations, or frames, within which action was inhibited by 
limited options for structure and function manipulation and 
action with the robot. Children were, however, producers as 
progress was only made as a result of children’s work, initiatives 
and contributions. In this combination of dimensions, 
encounters were based on the communication of children’s 
initiatives toward educational robotics (Figure 34).
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Figure 34. Educational robotics as a preventer and children as producers
In the orientation stage, LEGO NXT emerged as a preventer 
as children were able to implement robot artifacts only by using 
the instructions for selecting the topic. The children chose a 
robot for the robotic project from the given LEGO NXT topics 
because they needed to familiarize themselves with the 
construction kit in the very beginning and later because of 
unsuccessful efforts with self-designed artifacts. Topobo 
emerged as a preventer in those cases where children were not 
able to implement an artifact as wished. RUBI’s limited 
functions compared with children’s attempts to make a choice 
and inßuence RUBIÕs functions which were not supported in 
pre-deÞned procedures for action, which made RUBI emerge as 
a preventer in the orientation.
The children emerged as producers, which was a 
consequence of their initiatives to control the robot. With LEGO 
NXT and Topobo, the children were able to act as producers by 
choosing, making decisions and adding contributions to the 
progress. With RUBI, the children used their initiative when 
trying to interact with RUBI, for instance by touching the screen.
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At the stage of structure manipulation, LEGO NXT emerged 
as a preventer as the children were able to implement robot 
artifacts only by using the given instructions for building a 
robot. Topobo emerged as a preventer for the same reason in 
cases where instructions guided children’s work. The children 
were however producers for the same reasons as the children 
were producers with LEGO NXT in similar situations. Incidents 
belonging to this category were signiÞcantly minor with Topobo 
when compared with LEGO NXT, because only one out of six 
children implemented an artifact based on the instructions. The 
lack of structure manipulation did not involve activities with 
RUBI in this category. 
At the stage of function manipulation, LEGO NXT emerged 
as a preventer as the children were able to create functions only 
by using instructions towards achieving any progress in 
programming with NXT-G. Children however appeared as 
producers, since the children were in charge of progressing in 
function manipulation. Even though Topobo had only one 
function to manipulate, the feature was not a limitation because 
it did not prevent or inhibit the activities of the children. In 
addition, the children did not mention functions as a hindrance 
to expressing their ideas, neither did they express the need for 
other functions at any stage of working with Topobo. Function 
manipulation was not the main function of RUBI, but emerged 
slightly in children’s actions with RUBI. For instance, RUBI gave 
response to some physical contact, such as pressing the touch 
sensors. RUBI did not enable children’s actions with the robot in 
order to improve its actions. Due to the lack of two-dimensional 
communication between children and the robots, educational 
robotics was not categorized as a promoter in the case function 
manipulation.
In the stage of playful action, RUBI’s response to children’s 
initiatives was a relatively simple function, such as a laugh after 
pressing the touch sensors which rather had an entertaining 
nature than an educational purpose. Attempts to give RUBI other 
toys than those toys in the game and the use of the hands 
manually emerged the children’s interest to act with RUBI and 
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Figure 34. Educational robotics as a preventer and children as producers
In the orientation stage, LEGO NXT emerged as a preventer 
as children were able to implement robot artifacts only by using 
the instructions for selecting the topic. The children chose a 
robot for the robotic project from the given LEGO NXT topics 
because they needed to familiarize themselves with the 
construction kit in the very beginning and later because of 
unsuccessful efforts with self-designed artifacts. Topobo 
emerged as a preventer in those cases where children were not 
able to implement an artifact as wished. RUBI’s limited 
functions compared with children’s attempts to make a choice 
and inßuence RUBIÕs functions which were not supported in 
pre-deÞned procedures for action, which made RUBI emerge as 
a preventer in the orientation.
The children emerged as producers, which was a 
consequence of their initiatives to control the robot. With LEGO 
NXT and Topobo, the children were able to act as producers by 
choosing, making decisions and adding contributions to the 
progress. With RUBI, the children used their initiative when 
trying to interact with RUBI, for instance by touching the screen.
EDUCATIONAL ROBOTICS AS PREVENTER
CHILDREN AS 
PRODUCERS
CHILDREN AS 
RECIPIENTS
EDUCATIONAL ROBOTICS AS PROMOTER
STRUCTURE 
MANIPULATION
ORIENTATION
FUNCTION 
MANIPULATION
PLAYFUL 
ACTION
Marjo Virnes: Four Seasons of Educational Robotics
! 164! Dissertations in Forestry and Natural Sciences No 169
At the stage of structure manipulation, LEGO NXT emerged 
as a preventer as the children were able to implement robot 
artifacts only by using the given instructions for building a 
robot. Topobo emerged as a preventer for the same reason in 
cases where instructions guided children’s work. The children 
were however producers for the same reasons as the children 
were producers with LEGO NXT in similar situations. Incidents 
belonging to this category were signiÞcantly minor with Topobo 
when compared with LEGO NXT, because only one out of six 
children implemented an artifact based on the instructions. The 
lack of structure manipulation did not involve activities with 
RUBI in this category. 
At the stage of function manipulation, LEGO NXT emerged 
as a preventer as the children were able to create functions only 
by using instructions towards achieving any progress in 
programming with NXT-G. Children however appeared as 
producers, since the children were in charge of progressing in 
function manipulation. Even though Topobo had only one 
function to manipulate, the feature was not a limitation because 
it did not prevent or inhibit the activities of the children. In 
addition, the children did not mention functions as a hindrance 
to expressing their ideas, neither did they express the need for 
other functions at any stage of working with Topobo. Function 
manipulation was not the main function of RUBI, but emerged 
slightly in children’s actions with RUBI. For instance, RUBI gave 
response to some physical contact, such as pressing the touch 
sensors. RUBI did not enable children’s actions with the robot in 
order to improve its actions. Due to the lack of two-dimensional 
communication between children and the robots, educational 
robotics was not categorized as a promoter in the case function 
manipulation.
In the stage of playful action, RUBI’s response to children’s 
initiatives was a relatively simple function, such as a laugh after 
pressing the touch sensors which rather had an entertaining 
nature than an educational purpose. Attempts to give RUBI other 
toys than those toys in the game and the use of the hands 
manually emerged the children’s interest to act with RUBI and 
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made them the producers of technology. RUBI had limitations 
when responding to these initiatives which made it a preventer. 
Successful action with RUBI emerged children as producer of 
educational robotics and they were able to use RUBI for playing 
and learning.
6.1.4. Educational robotics as a preventer– children as 
recipients
The combination of educational robotics as a preventer and children 
as recipients evoked activity that separated educational robotics 
and children. As preventer educational robotics could not 
answer children’s initiatives and actions, support the 
implementation of one’s own ideas or promote children’s 
activity with the robot. As recipients, children were observers 
and onlookers whose interaction with educational robotics was 
very limited or even totally absent. As a result, educational 
robotics as a preventer and children as recipients generated the 
phased abandonment of encounters with the robots. The 
encounters between educational robotics and children were then 
unapproachable and fading (Figure 35).
Figure 35. Educational robotics as a preventer and children as recipients
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In the orientation stage LEGO NXT did not meet the 
children’s expectations and afforded them with limited scope to 
implement their designs. With LEGO NXT, the children could 
not implement their own designs and this resulted in difÞculties 
which negatively impacted upon progressing in the robotics 
project. The consequences of this stage of orientation became 
evident and concrete in the next stages. Topobo appeared as a 
preventer and children as recipients only in particular situations 
during the orientation stage. Topobo appeared as a preventer, 
when the properties of Topobo did not inspire children to invent 
new ideas regarding the robot artifacts. The issue of lack of new 
ideas for implementation emerged after completing several 
artifacts and evoked difÞculties which resulted in the children 
giving up on the interaction with Topobo. The children were 
recipients rather than producers with Topobo, when they 
stepped back from interaction with Topobo and began other 
activities. Drawing, as a side activity, did however inspire the 
children and lead them back to Topobo as the example of 
drawing a horse illustrated.
The children initiated action with RUBI from the premise that 
they were recipients which were under RUBI’s instruction and 
teaching. During orientation, some of the children attempted to 
affect RUBI’s action, for instance by touching the screen, but 
RUBI did not respond. The lack of response to children’s 
initiatives was a reason towards classifying RUBI as a preventer 
in the situation. RUBI, as well as LEGO NXT, were also 
identiÞed as preventers when the children did not know or 
understand what to do with the robot and how to do it, which 
complicated autonomous action with RUBI and required 
intervention from the adults.
In the stage of structure manipulation, preceding incidents 
identiÞed in the stage of orientation emerged. Regarding LEGO 
NXT, structure manipulation gave rise to the emergence of the 
limitations of educational robotics as well as children’s missing 
knowledge regarding the possibilities of the construction kit. 
Since educational robotics already limited children’s action in 
orientation, it also evoked lack of attractiveness, negative or 
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made them the producers of technology. RUBI had limitations 
when responding to these initiatives which made it a preventer. 
Successful action with RUBI emerged children as producer of 
educational robotics and they were able to use RUBI for playing 
and learning.
6.1.4. Educational robotics as a preventer– children as 
recipients
The combination of educational robotics as a preventer and children 
as recipients evoked activity that separated educational robotics 
and children. As preventer educational robotics could not 
answer children’s initiatives and actions, support the 
implementation of one’s own ideas or promote children’s 
activity with the robot. As recipients, children were observers 
and onlookers whose interaction with educational robotics was 
very limited or even totally absent. As a result, educational 
robotics as a preventer and children as recipients generated the 
phased abandonment of encounters with the robots. The 
encounters between educational robotics and children were then 
unapproachable and fading (Figure 35).
Figure 35. Educational robotics as a preventer and children as recipients
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In the orientation stage LEGO NXT did not meet the 
children’s expectations and afforded them with limited scope to 
implement their designs. With LEGO NXT, the children could 
not implement their own designs and this resulted in difÞculties 
which negatively impacted upon progressing in the robotics 
project. The consequences of this stage of orientation became 
evident and concrete in the next stages. Topobo appeared as a 
preventer and children as recipients only in particular situations 
during the orientation stage. Topobo appeared as a preventer, 
when the properties of Topobo did not inspire children to invent 
new ideas regarding the robot artifacts. The issue of lack of new 
ideas for implementation emerged after completing several 
artifacts and evoked difÞculties which resulted in the children 
giving up on the interaction with Topobo. The children were 
recipients rather than producers with Topobo, when they 
stepped back from interaction with Topobo and began other 
activities. Drawing, as a side activity, did however inspire the 
children and lead them back to Topobo as the example of 
drawing a horse illustrated.
The children initiated action with RUBI from the premise that 
they were recipients which were under RUBI’s instruction and 
teaching. During orientation, some of the children attempted to 
affect RUBI’s action, for instance by touching the screen, but 
RUBI did not respond. The lack of response to children’s 
initiatives was a reason towards classifying RUBI as a preventer 
in the situation. RUBI, as well as LEGO NXT, were also 
identiÞed as preventers when the children did not know or 
understand what to do with the robot and how to do it, which 
complicated autonomous action with RUBI and required 
intervention from the adults.
In the stage of structure manipulation, preceding incidents 
identiÞed in the stage of orientation emerged. Regarding LEGO 
NXT, structure manipulation gave rise to the emergence of the 
limitations of educational robotics as well as children’s missing 
knowledge regarding the possibilities of the construction kit. 
Since educational robotics already limited children’s action in 
orientation, it also evoked lack of attractiveness, negative or 
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neutral attitudes and unrealized expectations during structure 
manipulation. When the implementation of a self-designed 
artifact failed, the children lost interest in educational robotics. 
As a result, they were not able to continue their work without 
intervention from adults and guidance from the instructions. 
Losing touch with LEGO NXT was a minor occurrence in cases 
where the division of work was unequal between the two 
working partners. The unequal division of work was typically 
the result of one dominating partner, minor interest in the 
construction of the basic model or limited experience in 
programmable robotics construction kits. In these situations, the 
children were present, but they were not participating in 
constructing and, in the case of two later situations, committed 
to working. The children however did not completely lose their 
interest in educational robotics, but kept constructing by-
products that however did not belong to the actual construction. 
In the stage of function manipulation and playful action, 
RUBI appeared as a preventer and the children as recipients in the 
stages of orientation, function manipulation and playful action. 
Function manipulation occurred only in the case of RUBI 
regarding the dimension in which the educational robotics acted 
as a preventer and the children as recipients. RUBI did not 
respond when the children tried to make contact with it. Hence, 
the children were not recipients in the preceding actions which 
required physical contact with the robot, for instance touching 
the screen. Instead they became recipients when RUBI did not 
respond to their attempts. In these situations RUBI emerged as a 
preventer. 
Playful action with RUBI meant the abandonment of 
interaction with the robot. The abandonment occurred during 
the stage of playful action with RUBI, but it also reßected failed 
interactions in the previous stages. The abandonment appeared 
after the robot did not act as the children wished, as Example 70 
of lost touch illustrated (page  150). Depending on the robot’s 
capacity to catch the children’s attention again or the availability 
of external interventions, the abandonment in a session was not 
permanent in nature.
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6.2. SEASONS OF EDUCATIONAL ROBOTICS
The dimensions introduced the promoting and preventing roles 
of educational robotics and the roles of children as producers 
and recipients as an outcome of axial coding. Selective coding 
elaborated an analysis and combined the dimensions into 
categories that analyzed the encounters in a detailed way. The 
categories formed are from the combination of the dimensions 
of 1)  educational robotics as promoter - children as recipients, 
2)   educational robotics as promoter - children as producers, 
3) educational robotics as preventer - children as producers and 
4) educational robotics as preventer - children as recipients.
The combinations of the dimensions highlighted rich 
encounters between educational robotics and children. Rich 
encounters based on bidirectional interactions which meant, for 
instance, hints given by the robot to children (e.g. hints which 
the appearance of the robot gave the children) or initiatives from 
the children to the robot (e.g. children touched the robot to make 
it operate). Figure   36 illustrates the changing direction of 
interactions which resulted in different relationships between 
educational robotics and children in encounters. The encounters 
highlighted 1) Þrst moves from the robot to children, 2) mutual 
initiatives between robot and children, 3)   Þrst moves from 
children in guided working with educational robotics and 
4) broken relationship with educational robotics.
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Figure 36. Directions of interaction in encounters
In order to deÞne the emerging role of educational robotics in 
shaping the encounters, I analyzed the promoting and 
preventing properties of educational robotics together with the 
roles of children as recipients and producers. As a result of the 
analysis, educational robotics emerged in four different 
representations namely 1)   wild, 2)   tame, 3)   slave and 
4)  unapproachable which evoked different activities in children 
(Figure   37). These representations reßected the bidirectional 
interaction between educational robotics and children.
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Figure 37. Representations of educational robotics in encounters
The different representations of educational robotics 
contained several subcategories which related either to the 
promoting or preventing properties of educational robotics. 
When educational robotics emerged as wild, it was either 
inspiring or anarchistic. As tame, it was dynamic or stable. Slave 
educational robotics emerged as predictable or controlling 
representations, whereas unapproachable educational robotics 
related to the representations of secret or worn-out inspiration. 
The inspiring, dynamic, secret or predictable educational 
robotics acted as a promoter which advanced children’s action 
with it. Instead, educational robotics which emerged as 
anarchist, stable, controlling or worn-out were a preventer and 
restricted childrenÕs ßuent working processes with it. Figure 38 
illustrates the representations of educational robotics with 
promoting (marked with a plus sign) and preventing (marked 
with a minus sign) subcategories.
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Figure 37. Representations of educational robotics in encounters
The different representations of educational robotics 
contained several subcategories which related either to the 
promoting or preventing properties of educational robotics. 
When educational robotics emerged as wild, it was either 
inspiring or anarchistic. As tame, it was dynamic or stable. Slave 
educational robotics emerged as predictable or controlling 
representations, whereas unapproachable educational robotics 
related to the representations of secret or worn-out inspiration. 
The inspiring, dynamic, secret or predictable educational 
robotics acted as a promoter which advanced children’s action 
with it. Instead, educational robotics which emerged as 
anarchist, stable, controlling or worn-out were a preventer and 
restricted childrenÕs ßuent working processes with it. Figure 38 
illustrates the representations of educational robotics with 
promoting (marked with a plus sign) and preventing (marked 
with a minus sign) subcategories.
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Figure 38. Promoting and preventing representations of educational robotics
The next subchapters explain educational robotics in terms of 
different types of encounters and also presents related 
representations of educational robotics.
6.2.1. Wild educational robotics
Wild encounters represented educational robotics which 
children could observe and experience, but which was not 
under their control. As an enabler educational robotics 
performed its properties and functions as possibilities to 
children who received information from the robot and took 
advantage of it. With wild educational robotics the stages of 
encounters could be described as follows. The stage of 
orientation illustrates an exploration of what the robot wants. 
Structure manipulation describes an observation of the meaning 
of the robots through structure. Playful action includes 
observations and interpretations. Encounters with wild 
educational robotics evoked animating of educational robotics 
(which emerged as wishes and expectations for playing and 
working with the robot), grafting human features into the robot, 
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attaching skills and knowledge to the robot and treating the 
robot as a living being. Wild educational robotics promoted 
children’s activities with it when the robot inspired the children. 
In that case, the robot developed and performed to its potential. 
The preventing nature of wild educational robotics emerged 
when the children let a robot to do whatever it wanted, resulting 
in anarchy. Subcategories of the wild educational robotics are 
therefore an inspiring and anarchistic robot.
6.2.2. Tame educational robotics
Tame encounters represented educational robotics that 
maintained encounters between educational robotics and 
children. Tame educational robotics belonged to children as they 
could take advantage of the robot based on the given properties 
and functions of educational robotics. The stage of action could 
be described as the following in the case of tame educational 
robotics. The stage of orientation set forth the feasibility of 
educational robotics and ideas for activities. Structure 
manipulation fostered the implementation, whereas playful 
action as a Þnal stage evoked a continuum for bidirectional 
encounters with the robot. Encounters with tame educational 
robotics were based on two-dimensional activities with 
educational robotics that were play instances and tests. Within 
these activities, tame educational robotics evoked the promoting 
and preventing of the encounters regarding the robot artifact 
and actions with it. When the encounters with a robot included 
unexpected functions that required the action of the children, 
the interaction was dynamic and lasting. On the contrary, 
unvarying functions of the robot made it predictable and 
unexciting, which shortened the encounters between children 
and robots. Therefore, the dynamic encounters served as a 
promoting feature and stable interaction as the preventing 
feature of tame educational robotics. Subcategories of the tame 
educational robotics are therefore a dynamic robot and a stable 
robot.
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Figure 38. Promoting and preventing representations of educational robotics
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attaching skills and knowledge to the robot and treating the 
robot as a living being. Wild educational robotics promoted 
children’s activities with it when the robot inspired the children. 
In that case, the robot developed and performed to its potential. 
The preventing nature of wild educational robotics emerged 
when the children let a robot to do whatever it wanted, resulting 
in anarchy. Subcategories of the wild educational robotics are 
therefore an inspiring and anarchistic robot.
6.2.2. Tame educational robotics
Tame encounters represented educational robotics that 
maintained encounters between educational robotics and 
children. Tame educational robotics belonged to children as they 
could take advantage of the robot based on the given properties 
and functions of educational robotics. The stage of action could 
be described as the following in the case of tame educational 
robotics. The stage of orientation set forth the feasibility of 
educational robotics and ideas for activities. Structure 
manipulation fostered the implementation, whereas playful 
action as a Þnal stage evoked a continuum for bidirectional 
encounters with the robot. Encounters with tame educational 
robotics were based on two-dimensional activities with 
educational robotics that were play instances and tests. Within 
these activities, tame educational robotics evoked the promoting 
and preventing of the encounters regarding the robot artifact 
and actions with it. When the encounters with a robot included 
unexpected functions that required the action of the children, 
the interaction was dynamic and lasting. On the contrary, 
unvarying functions of the robot made it predictable and 
unexciting, which shortened the encounters between children 
and robots. Therefore, the dynamic encounters served as a 
promoting feature and stable interaction as the preventing 
feature of tame educational robotics. Subcategories of the tame 
educational robotics are therefore a dynamic robot and a stable 
robot.
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6.2.3. Slave educational robotics
Encounters that emerged as slave were under the control of 
children, but provided limited possibilities to act with the 
technology. Slave educational robotics probably had extensive 
technical properties, but they were limited when used with 
children due to the design of educational robotics or the lacking 
skills of children to fully take advantage of them. In the stage of 
orientation, slave educational robotics deÞned content and 
method for acting with it. During structure manipulation and 
function manipulation educational robotics deÞned progress as 
given instructions or tasks to children. The progress however 
required contributions from children, which made children the 
producers of educational robotics. Encounters with slave 
educational robotics evoked controlled processes and 
predeÞned performances with educational robotics. Slave 
educational robotics was under the control of children due to the 
limited properties and predeÞned actions, which made it a 
predictable tool for working. The limiting properties and the 
functions which restricted the children in the making of 
variations of the robot, controlled the children through 
technology. Subcategories of the slave educational robotics are 
therefore a predictable robot and an controlling robot that prevents 
action.
6.2.4. Unapproachable educational robotics
Unapproachable encounters represented educational robotics 
that did not have a connection with the children or the 
connection had existed, but it was broken. An unapproachable 
connection limited children from acting with the robot and 
made catching the childrenÕs interest difÞcult for the robot. The 
stages of action could be described as the following in 
unapproachable educational robotics. During the stage of 
orientation children’s expectations towards educational robotics 
did not realize. Encounters were challenging, also in structure 
manipulation when the implementation and properties of 
educational robotics did not meet up. Language, whether based 
on physical contact, programming or recording, made 
encounters challenging in the stage of function manipulation 
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since the lack of shared language limited children’s options to 
develop the robot and learn with the robot. As for playful action, 
broken encounters emerged as a loss of the connection. 
Unapproachable educational robotics evoked the lack of 
activities with the educational robotics, which the secondary 
activities near educational robotics demonstrated. If 
unapproachable educational robotics was not completely worn 
out, it would have extant properties or functions for grasping 
and rebuilding the connection. The preventing nature of 
educational robotics especially emerges as regards worn out 
technology, whereas the promoting nature emerges as hidden 
and restricted potential of educational robotics. Subcategories of 
the wild educational robotics are a secret robot and a worn-out 
robot.
6.3. MOVEMENT BETWEEN THE SEASONS
These representations of encounters, which I labeled in terms of 
seasons, were not constant conditions but varied throughout the 
children’s action with educational robotics. A season was 
therefore, for instance, apprenticeship in the beginning but it 
evolved into fellowship afterwards. The change prompted 
questions about triggers in the use of educational robotics which 
led to a certain season and the consequences which these 
encounters evoked. In the selective coding phase, I analyzed the 
movement of the seasons in comparison to each type of 
educational robotics by investigating seasons in terms of time 
(stages) and representations of educational robotics (tool) and 
illustrated the movement as a general process description for 
each type of educational robotics. The process description 
consists of the stage of action, representation of educational 
robotics and transitions between the representations. Together 
with the process description, I considered the seasons of each 
stage towards the technical category of the stage. These 
categories were phonology in orientation, morphology in structure 
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since the lack of shared language limited children’s options to 
develop the robot and learn with the robot. As for playful action, 
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manipulation, syntax in function manipulation and semantics in 
playful action.
6.3.1. Movement in the processes of encounters
The process descriptions indicated how the seasons of 
educational robotics emerged in the different stages of 
encounters regarding the different representations of three types 
of educational robotics. Process descriptions (Figure   39, 
Figure   40 and Figure   41) describe the stages of encounters, 
seasons with subcategories and transitions between the seasons. 
Arrows present the transition between the seasons. The dash 
lines indicate a possible return to the previous stages.
Encounters with LEGO NXT (Figure   39) started with the 
emerging of LEGO NXT as dynamic and tame educational 
robotics that aroused high expectations in the children towards 
LEGO NXT. Phonology, which related to the appearance of the 
bricks and NXT kit, meant that ideas were not feasible to 
implement at that moment. That explained the transition from 
the season of dynamic tame to slave/controlling and 
unapproachable/worn out. If the idea was possible to 
implement, educational robotics emerged tame/dynamic 
throughout the stage of orientation. The emerged challenges to 
combine children’s ideas for the implementation and given 
possibilities of the LEGO NXT construction kit changed the 
representation of LEGO NXT to slave/controlling and 
unapproachable/worn-out educational robotics. As a slave/
controlling artifact LEGO NXT limited the options of 
implementation. After accepting the change of the topic and 
selecting the new topic LEGO NXT emerged as slave/
predictable educational robotics which was feasible and 
controllable. Prevented ideas evoked the emergence of LEGO 
NXT as unapproachable/worn out educational robotics that 
could not be matched up with new ideas. The only solution was 
external support from the adults and LEGO NXT instructions 
which made educational robotics slave/controlling, but opened 
an opportunity to work with educational robotics. After the 
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children had accepted the change in topic, LEGO NXT emerged 
as slave/predictable which was under the children’s control. 
The stage of structure manipulation originated from a state 
where LEGO NXT had appeared as a tame/dynamic or slave/
predictable. The representation of LEGO NXT changed instantly 
as the stage shifted from orientation to structure manipulation 
due to encounters between children’s expectations and skills 
and the possibilities posed by educational robotics. Morphology 
set rules which governed the phases of constructing, but also 
provided technical information about the artifact. When the 
implementation of the self-designed model was not feasible, 
LEGO NXT emerged as a slave/controlling or a 
unapproachable/secret artifact. Regarding the slave/controlling 
artifact, the children controlled the process, but were limited by 
LEGO NXT instructions. After completion, the artifact emerged 
as wild/inspiring that provided information about its structure 
and possible functions. The wild/inspiring artifact involved the 
children as they demonstrated its functions manually and 
played with it, which tamed the artifact making it emerge as 
tame/stable. As for unapproachable/secret artifact, the children 
aspired towards working with it, but they were not able to take 
full advantage of the possibilities presented by the construction 
kit. The wider the gap between children and NXT, the more 
effort was required to attain the connection. With external 
support, the educational robotics shifted from an 
unapproachable/secret to slave/controlling artifact. The self-
designed robot artifact, LEGO NXT remained a tame/dynamic 
artifact after the shift from orientation to structure manipulation. 
As the structure manipulation continued, LEGO NXT changed 
momentarily to a wild/inspiring artifact, but reverted to tamed 
again. The Þnal states in structure manipulation were tame/
dynamic and tame/stable artifact that the outcomes of the stage 
indicated. Self-designed artifact represented a tame/dynamic 
artifact, whereas tame/stable educational robotics stood for 
artifacts constructed from the model. 
A basis for function manipulation was a tame/stable or 
tame/dynamic artifact that the children programmed to present 
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manipulation, syntax in function manipulation and semantics in 
playful action.
6.3.1. Movement in the processes of encounters
The process descriptions indicated how the seasons of 
educational robotics emerged in the different stages of 
encounters regarding the different representations of three types 
of educational robotics. Process descriptions (Figure   39, 
Figure   40 and Figure   41) describe the stages of encounters, 
seasons with subcategories and transitions between the seasons. 
Arrows present the transition between the seasons. The dash 
lines indicate a possible return to the previous stages.
Encounters with LEGO NXT (Figure   39) started with the 
emerging of LEGO NXT as dynamic and tame educational 
robotics that aroused high expectations in the children towards 
LEGO NXT. Phonology, which related to the appearance of the 
bricks and NXT kit, meant that ideas were not feasible to 
implement at that moment. That explained the transition from 
the season of dynamic tame to slave/controlling and 
unapproachable/worn out. If the idea was possible to 
implement, educational robotics emerged tame/dynamic 
throughout the stage of orientation. The emerged challenges to 
combine children’s ideas for the implementation and given 
possibilities of the LEGO NXT construction kit changed the 
representation of LEGO NXT to slave/controlling and 
unapproachable/worn-out educational robotics. As a slave/
controlling artifact LEGO NXT limited the options of 
implementation. After accepting the change of the topic and 
selecting the new topic LEGO NXT emerged as slave/
predictable educational robotics which was feasible and 
controllable. Prevented ideas evoked the emergence of LEGO 
NXT as unapproachable/worn out educational robotics that 
could not be matched up with new ideas. The only solution was 
external support from the adults and LEGO NXT instructions 
which made educational robotics slave/controlling, but opened 
an opportunity to work with educational robotics. After the 
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children had accepted the change in topic, LEGO NXT emerged 
as slave/predictable which was under the children’s control. 
The stage of structure manipulation originated from a state 
where LEGO NXT had appeared as a tame/dynamic or slave/
predictable. The representation of LEGO NXT changed instantly 
as the stage shifted from orientation to structure manipulation 
due to encounters between children’s expectations and skills 
and the possibilities posed by educational robotics. Morphology 
set rules which governed the phases of constructing, but also 
provided technical information about the artifact. When the 
implementation of the self-designed model was not feasible, 
LEGO NXT emerged as a slave/controlling or a 
unapproachable/secret artifact. Regarding the slave/controlling 
artifact, the children controlled the process, but were limited by 
LEGO NXT instructions. After completion, the artifact emerged 
as wild/inspiring that provided information about its structure 
and possible functions. The wild/inspiring artifact involved the 
children as they demonstrated its functions manually and 
played with it, which tamed the artifact making it emerge as 
tame/stable. As for unapproachable/secret artifact, the children 
aspired towards working with it, but they were not able to take 
full advantage of the possibilities presented by the construction 
kit. The wider the gap between children and NXT, the more 
effort was required to attain the connection. With external 
support, the educational robotics shifted from an 
unapproachable/secret to slave/controlling artifact. The self-
designed robot artifact, LEGO NXT remained a tame/dynamic 
artifact after the shift from orientation to structure manipulation. 
As the structure manipulation continued, LEGO NXT changed 
momentarily to a wild/inspiring artifact, but reverted to tamed 
again. The Þnal states in structure manipulation were tame/
dynamic and tame/stable artifact that the outcomes of the stage 
indicated. Self-designed artifact represented a tame/dynamic 
artifact, whereas tame/stable educational robotics stood for 
artifacts constructed from the model. 
A basis for function manipulation was a tame/stable or 
tame/dynamic artifact that the children programmed to present 
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different behaviors. Since function manipulation was difÞcult 
due to syntax and the writing of a program on the graphical 
programming interface, the initial state changed from tame to 
slave/controlling or unapproachable/secret. With a slave/
controlling artifact, the children followed step-by-step 
instructions without exceptions. If function manipulation was 
too difÞcult to work out, then LEGO NXT emerged as an 
unapproachable/secret artifact. This unapproachable/secret 
artifact did not foster a connection with the children, but they 
were still interested in function manipulation. To those children 
which experienced LEGO NXT as a unapproachable/secret 
artifact in the initial state of function manipulation, LEGO 
NXTÕs representation changed from unapproachable/secret to 
slave/controlling after they began to follow instructions which 
made the programming controllable. The Þnal state in function 
manipulation was a slave/controlling artifact due to limited 
options to manipulate the functions and difÞculties in 
understanding the principles of programming and mastering 
the NXT-G.
Playful action referred to semantics that the children 
developed for the artifact by interpreting the properties and 
functions of the artifact and by interacting with the artifact. 
Playful action with LEGO NXT followed the stage of function 
manipulation having the representation of the slave/controlling 
artifact as a foundation. Action with LEGO NXT changed the 
representation from the slave/controlling to a wild/inspiring 
artifact or a wild/anarchist artifact depending on childrenÕs 
interpretations of the presented functions. In case the children 
attached animated features to the artifact, it emerged as a wild/
anarchist artifact that conducted functions, as the robot wanted. 
Continuous interaction with the artifact tamed it and made it 
appear as tame, but a tame/stable artifact. If the children judged 
and observed the function of the robot artifact mainly in terms 
of technical properties and functions while playing with it, 
LEGO NXT emerged as wild/inspiring artifact. The wild/
inspiring artifact presented options to develop and to play with 
it, also by sharing the work with others. In case the children 
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observed a need for development, they returned to function 
manipulation. As a Þnal state, wild/inspiring artifact embodied 
as a tamed artifact that appeared as a tame/dynamic LEGO 
NXT robot.
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different behaviors. Since function manipulation was difÞcult 
due to syntax and the writing of a program on the graphical 
programming interface, the initial state changed from tame to 
slave/controlling or unapproachable/secret. With a slave/
controlling artifact, the children followed step-by-step 
instructions without exceptions. If function manipulation was 
too difÞcult to work out, then LEGO NXT emerged as an 
unapproachable/secret artifact. This unapproachable/secret 
artifact did not foster a connection with the children, but they 
were still interested in function manipulation. To those children 
which experienced LEGO NXT as a unapproachable/secret 
artifact in the initial state of function manipulation, LEGO 
NXTÕs representation changed from unapproachable/secret to 
slave/controlling after they began to follow instructions which 
made the programming controllable. The Þnal state in function 
manipulation was a slave/controlling artifact due to limited 
options to manipulate the functions and difÞculties in 
understanding the principles of programming and mastering 
the NXT-G.
Playful action referred to semantics that the children 
developed for the artifact by interpreting the properties and 
functions of the artifact and by interacting with the artifact. 
Playful action with LEGO NXT followed the stage of function 
manipulation having the representation of the slave/controlling 
artifact as a foundation. Action with LEGO NXT changed the 
representation from the slave/controlling to a wild/inspiring 
artifact or a wild/anarchist artifact depending on childrenÕs 
interpretations of the presented functions. In case the children 
attached animated features to the artifact, it emerged as a wild/
anarchist artifact that conducted functions, as the robot wanted. 
Continuous interaction with the artifact tamed it and made it 
appear as tame, but a tame/stable artifact. If the children judged 
and observed the function of the robot artifact mainly in terms 
of technical properties and functions while playing with it, 
LEGO NXT emerged as wild/inspiring artifact. The wild/
inspiring artifact presented options to develop and to play with 
it, also by sharing the work with others. In case the children 
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observed a need for development, they returned to function 
manipulation. As a Þnal state, wild/inspiring artifact embodied 
as a tamed artifact that appeared as a tame/dynamic LEGO 
NXT robot.
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Figure 39. Process description of LEGO NXT
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The working process with Topobo (Figure  40) started with 
Topobo emerging as a tame/dynamic regarding the Þrst artifacts 
because the phonology of the bricks involved the children in 
exploratory activities with Topobo. In later sessions orientation 
emerged as unapproachable/worn out educational robotics as 
regards some of the children because the bricks no longer 
aroused new ideas. Thereupon, children either searched for 
inspiration from the booklet or started secondary activities. 
Searching for inspiration from the booklet limited childrenÕs 
options for constructing, which evoked the appearance of 
Topobo as slave/controlling. Side activities, related to Topobo, 
kept the children oriented to work with Topobo, but also 
characterized Topobo as a unapproachable/unapproachable and 
unapproachable/secret artifact. Topobo emerged as an 
unapproachable/secret artifact until the children invented new 
ideas for implementation by using drawing as a source of 
ideation. Drawing facilitated an insight into Topobo and thereby 
contributed to the transition from unapproachable/secret to 
tame/dynamic. 
A foundation for structure manipulation was the appearance 
of Topobo as tame/dynamic, slave/controlling. As happened 
with LEGO NXT, morphology guided the process in structure 
manipulation in terms of rules for constructing. When the 
children started working with the structure of the artifact, the 
artifact remained the same as it had been at the beginning. The 
artifact emerged as tame/dynamic, only if it was a self-designed 
one. As for the model artifact, Topobo remained slave/
controlling educational robotics. In both cases, the transition to 
wild/inspiring took place after the children had completed the 
artifact. Wild/inspiring imbued the children with excitement to 
name it and to imagine possible new functions. 
The transition from structure manipulation to function 
manipulation was based on the appearance of Topobo as a 
wild/inspiring artifact. Function manipulation changed the 
season from wild/inspiring to slave/predictable which was the 
only season apparent during function manipulation with 
Topobo. The graspable syntax was the only way to control the 
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Figure 39. Process description of LEGO NXT
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The working process with Topobo (Figure  40) started with 
Topobo emerging as a tame/dynamic regarding the Þrst artifacts 
because the phonology of the bricks involved the children in 
exploratory activities with Topobo. In later sessions orientation 
emerged as unapproachable/worn out educational robotics as 
regards some of the children because the bricks no longer 
aroused new ideas. Thereupon, children either searched for 
inspiration from the booklet or started secondary activities. 
Searching for inspiration from the booklet limited childrenÕs 
options for constructing, which evoked the appearance of 
Topobo as slave/controlling. Side activities, related to Topobo, 
kept the children oriented to work with Topobo, but also 
characterized Topobo as a unapproachable/unapproachable and 
unapproachable/secret artifact. Topobo emerged as an 
unapproachable/secret artifact until the children invented new 
ideas for implementation by using drawing as a source of 
ideation. Drawing facilitated an insight into Topobo and thereby 
contributed to the transition from unapproachable/secret to 
tame/dynamic. 
A foundation for structure manipulation was the appearance 
of Topobo as tame/dynamic, slave/controlling. As happened 
with LEGO NXT, morphology guided the process in structure 
manipulation in terms of rules for constructing. When the 
children started working with the structure of the artifact, the 
artifact remained the same as it had been at the beginning. The 
artifact emerged as tame/dynamic, only if it was a self-designed 
one. As for the model artifact, Topobo remained slave/
controlling educational robotics. In both cases, the transition to 
wild/inspiring took place after the children had completed the 
artifact. Wild/inspiring imbued the children with excitement to 
name it and to imagine possible new functions. 
The transition from structure manipulation to function 
manipulation was based on the appearance of Topobo as a 
wild/inspiring artifact. Function manipulation changed the 
season from wild/inspiring to slave/predictable which was the 
only season apparent during function manipulation with 
Topobo. The graspable syntax was the only way to control the 
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artifact, which resulted in Topobo emerging as a slave. Topobo 
was also simple and understandable enough to give the children 
full control over the movement recording which made it slave/
predictable artifact to children. 
Slave/predictable was a season before the stage of action. 
Action with Topobo changed the season into wild/inspiring or 
wild/anarchist. Topobo appeared as a wild/inspiring artifact 
when the children judged the properties and functions of the 
artifact and invented proposals for improving the artifact. 
Consequently, wild/inspiring occasionally evoked transitions to 
the previous stages. After being inspired by Topobo, evolving 
communication with the artifact evoked the appearance of 
Topobo as tame/dynamic. The tame/dynamic artifact instilled 
the children with narrative descriptions regarding the function 
of the artifact, which stimulated communication between the 
children and Topobo. Topobo also appeared as a tame/stable 
artifact that the children played with, but which they did not 
aim to improve further. The observation of the functions of the 
artifact and their animation evoked the appearance of Topobo as 
wild/anarchist and not controllable by the children. Semantics 
of the artifact was created through interpreting and evaluating 
the semantics of the robotics properties during action, whether it 
was wild or tame.
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Figure 40. Process description of Topobo
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artifact, which resulted in Topobo emerging as a slave. Topobo 
was also simple and understandable enough to give the children 
full control over the movement recording which made it slave/
predictable artifact to children. 
Slave/predictable was a season before the stage of action. 
Action with Topobo changed the season into wild/inspiring or 
wild/anarchist. Topobo appeared as a wild/inspiring artifact 
when the children judged the properties and functions of the 
artifact and invented proposals for improving the artifact. 
Consequently, wild/inspiring occasionally evoked transitions to 
the previous stages. After being inspired by Topobo, evolving 
communication with the artifact evoked the appearance of 
Topobo as tame/dynamic. The tame/dynamic artifact instilled 
the children with narrative descriptions regarding the function 
of the artifact, which stimulated communication between the 
children and Topobo. Topobo also appeared as a tame/stable 
artifact that the children played with, but which they did not 
aim to improve further. The observation of the functions of the 
artifact and their animation evoked the appearance of Topobo as 
wild/anarchist and not controllable by the children. Semantics 
of the artifact was created through interpreting and evaluating 
the semantics of the robotics properties during action, whether it 
was wild or tame.
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Figure 40. Process description of Topobo
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From the very beginning of the interaction with RUBI, it 
emerged as a wild/inspiring artifact that presented its functions 
to children (Figure 41). At Þrst RUBI appeared as wild/inspiring 
and presented actions which the children were supposed to 
react to. The imitating of the functions occasionally cajoled the 
children to act, but also simultaneously turned RUBI into a 
slave/controlling artifact. Directing the process in the 
orientation turned RUBI back into wild/inspiring. The 
phonology and appearance of RUBI encouraged the children to 
interact with its robotic features. After the Þrst experiences with 
RUBI, the children took the initiative by contacting RUBI in the 
stage of orientation. The action evoked the appearance of RUBI 
as slave/predictable. This state was, however, turned into 
unapproachable/secret artifact since RUBI did not respond to 
the children’s advances. Because RUBI led the process, it was 
able to affect its representation to children. Even though RUBI 
ignored attempts to interact with it, it continued its action which 
made it wild/inspiring again. 
RUBI emerged as wild/inspiring after the orientation. This 
season was a stance from which function manipulation could 
occur. During function manipulation, the children reached out 
to RUBI by touching it which caused it to emerge as a slave/
predictable. The slave/predictable was expected to respond to 
the initiative as it had done earlier, for instance laughing or 
occasionally playing a requested function. RUBI’s response 
turned it into wild/inspiring when the robot presented some of 
its functions. The prevention of a response turned RUBI into an 
unapproachable/secret artifact whose functions were not 
controllable. Therefore, the Þnal states of function manipulation 
were wild and unapproachable, which indicated RUBI’s lack of 
response towards children’s initiatives. A shared language 
between RUBI and the children was therefore absent. 
Playful action with RUBI originated from the seasons of wild 
or unapproachable. Since the control over the interaction process 
with RUBI rested with it, action emerged as wild/inspiring. 
RUBI either played the music or started the game. Children’s 
reactions to RUBIÕs initiative deÞned the following three 
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seasons. Firstly, if the children were inspired by RUBI, they 
responded to it. In addition, when RUBI played a function that 
corresponded to the children’s expectations, RUBI emerged as a 
slave/predictable. Usually, this took place with the music. 
Secondly where the children conducted tasks given by RUBI, 
RUBI emerged as slave/controlling. Observing and interpreting 
the responses of RUBI turned RUBI into wild/inspiring. 
Iterative and successful encounters resulted in the taming of 
RUBI and its appearance as tame/stable, which especially 
occurred in regard to the game. Thirdly the children had 
expectations regarding their interaction with RUBI. In these 
situations, RUBI emerged as slave/predictable which would be 
able to realize wishes and choices. Unsuccessful attempts lead to 
RUBI evolving from slave/predictable to wild/anarchist as it 
worked in the way it wanted and ignored the children’s actions. 
When ignorance became a recurring action, RUBI emerged as an 
unapproachable artifact. The transmission was at Þrst from 
wild/anarchist to unapproachable/secret, then from 
unapproachable/secret to unapproachable/worn out. 
Unapproachable as a Þnal state denoted the missing connection 
which typiÞed the encounters.
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From the very beginning of the interaction with RUBI, it 
emerged as a wild/inspiring artifact that presented its functions 
to children (Figure 41). At Þrst RUBI appeared as wild/inspiring 
and presented actions which the children were supposed to 
react to. The imitating of the functions occasionally cajoled the 
children to act, but also simultaneously turned RUBI into a 
slave/controlling artifact. Directing the process in the 
orientation turned RUBI back into wild/inspiring. The 
phonology and appearance of RUBI encouraged the children to 
interact with its robotic features. After the Þrst experiences with 
RUBI, the children took the initiative by contacting RUBI in the 
stage of orientation. The action evoked the appearance of RUBI 
as slave/predictable. This state was, however, turned into 
unapproachable/secret artifact since RUBI did not respond to 
the children’s advances. Because RUBI led the process, it was 
able to affect its representation to children. Even though RUBI 
ignored attempts to interact with it, it continued its action which 
made it wild/inspiring again. 
RUBI emerged as wild/inspiring after the orientation. This 
season was a stance from which function manipulation could 
occur. During function manipulation, the children reached out 
to RUBI by touching it which caused it to emerge as a slave/
predictable. The slave/predictable was expected to respond to 
the initiative as it had done earlier, for instance laughing or 
occasionally playing a requested function. RUBI’s response 
turned it into wild/inspiring when the robot presented some of 
its functions. The prevention of a response turned RUBI into an 
unapproachable/secret artifact whose functions were not 
controllable. Therefore, the Þnal states of function manipulation 
were wild and unapproachable, which indicated RUBI’s lack of 
response towards children’s initiatives. A shared language 
between RUBI and the children was therefore absent. 
Playful action with RUBI originated from the seasons of wild 
or unapproachable. Since the control over the interaction process 
with RUBI rested with it, action emerged as wild/inspiring. 
RUBI either played the music or started the game. Children’s 
reactions to RUBIÕs initiative deÞned the following three 
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seasons. Firstly, if the children were inspired by RUBI, they 
responded to it. In addition, when RUBI played a function that 
corresponded to the children’s expectations, RUBI emerged as a 
slave/predictable. Usually, this took place with the music. 
Secondly where the children conducted tasks given by RUBI, 
RUBI emerged as slave/controlling. Observing and interpreting 
the responses of RUBI turned RUBI into wild/inspiring. 
Iterative and successful encounters resulted in the taming of 
RUBI and its appearance as tame/stable, which especially 
occurred in regard to the game. Thirdly the children had 
expectations regarding their interaction with RUBI. In these 
situations, RUBI emerged as slave/predictable which would be 
able to realize wishes and choices. Unsuccessful attempts lead to 
RUBI evolving from slave/predictable to wild/anarchist as it 
worked in the way it wanted and ignored the children’s actions. 
When ignorance became a recurring action, RUBI emerged as an 
unapproachable artifact. The transmission was at Þrst from 
wild/anarchist to unapproachable/secret, then from 
unapproachable/secret to unapproachable/worn out. 
Unapproachable as a Þnal state denoted the missing connection 
which typiÞed the encounters.
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Figure 41. Process description of RUBI
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The general process descriptions addressed the ways in 
which different types of educational robotics (robotics kit, 
construction kit and social robots) evoked different working 
processes with children. In these processes educational robotics 
emerged as different seasons which reßected the promoting and 
preventing properties of educational robotics and the role of 
children as co-creators with the robots. 
6.3.2. Summarizing the movements
Movements between the seasons varied with different 
educational robotics, making some transitions more typical than 
others. Each type of educational robotics represented one season 
that appeared in most transitions of the general process 
descriptions. LEGO NXT emerged most often as slave, which 
characterized LEGO NXT as slave educational robotics. As for 
Topobo, transitions mostly took place in the tame season which 
typiÞed Topobo as tame educational robotics. RUBI, instead, 
overwhelmingly appeared in the season of wild, which 
characterized it as wild educational robotics. 
The typical transition between the seasons of educational 
robotics emerged as the transition from unapproachable to every 
other season which was, in the case of LEGO NXT slave, in the 
case of Topobo tame and in the case of RUBI wild. It can be 
interpreted that each type of educational robotics lost 
communication in encounters at some stage, but regained it by 
using different properties of educational robotics. 
Each educational robotics manifested unique transitions 
which did not occur in other educational robotics. The transition 
from unapproachable to slave occurred only with LEGO NXT 
when a child lost touch with LEGO (as a result of construction 
difÞculties when attempting to construct a self-designed robot) 
but managed to continue the work by following the instructions. 
Reasons for the transition from tame to unapproachable could 
be related to the same situation namely that the children 
expected to implement their ideas with LEGO NXT, but their 
lack of skills and knowledge, as well as the features of LEGO 
NXT, made these attempts unfeasible. Internal transition within 
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Figure 41. Process description of RUBI
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The general process descriptions addressed the ways in 
which different types of educational robotics (robotics kit, 
construction kit and social robots) evoked different working 
processes with children. In these processes educational robotics 
emerged as different seasons which reßected the promoting and 
preventing properties of educational robotics and the role of 
children as co-creators with the robots. 
6.3.2. Summarizing the movements
Movements between the seasons varied with different 
educational robotics, making some transitions more typical than 
others. Each type of educational robotics represented one season 
that appeared in most transitions of the general process 
descriptions. LEGO NXT emerged most often as slave, which 
characterized LEGO NXT as slave educational robotics. As for 
Topobo, transitions mostly took place in the tame season which 
typiÞed Topobo as tame educational robotics. RUBI, instead, 
overwhelmingly appeared in the season of wild, which 
characterized it as wild educational robotics. 
The typical transition between the seasons of educational 
robotics emerged as the transition from unapproachable to every 
other season which was, in the case of LEGO NXT slave, in the 
case of Topobo tame and in the case of RUBI wild. It can be 
interpreted that each type of educational robotics lost 
communication in encounters at some stage, but regained it by 
using different properties of educational robotics. 
Each educational robotics manifested unique transitions 
which did not occur in other educational robotics. The transition 
from unapproachable to slave occurred only with LEGO NXT 
when a child lost touch with LEGO (as a result of construction 
difÞculties when attempting to construct a self-designed robot) 
but managed to continue the work by following the instructions. 
Reasons for the transition from tame to unapproachable could 
be related to the same situation namely that the children 
expected to implement their ideas with LEGO NXT, but their 
lack of skills and knowledge, as well as the features of LEGO 
NXT, made these attempts unfeasible. Internal transition within 
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the category of slave, between predictable and controlling 
educational robotics, occurred only with LEGO NXT.
Topobo had unique transitions within the season of tame 
which characterized it as tame educational robotics. The 
transition occurred between orientation and structure 
manipulation.
The typical transitions with RUBI took place between wild 
and unapproachable. An internal transition within wild took 
place between the stages of orientation and action, and function 
manipulation and action. The transitions from wild to 
unapproachable occurred when RUBI did not respond to 
children’s initiatives. As for the transition from unapproachable 
to wild, this occurred when RUBI caught children’s attention 
and managed to interest them in interacting with it after a break 
in interaction had occurred. 
Topobo and RUBI emerged as the transition from wild to 
slave which meant, in the case of RUBI, that interaction took 
place according to RUBI’s rules and, in the case of Topobo, 
transition took place from interpreting the structure to 
manipulating the function. In addition, they both emerged in 
internal transitions within unapproachable and in transitions 
from unapproachable to tame. In RUBI’s case unapproachable 
transitions referred to the transition from enabling 
unapproachable/secret to limiting unapproachable/worn-out 
which lead to the abandonment of RUBI. The situation 
regarding Topobo was reversed, since the transition occurred 
from limiting to enabling, which evoked actions near or related 
to Topobo. LEGO NXT and Topobo both emerged as a transition 
from tame to slave in relation to function manipulation. In 
addition, a movement from tame to slave occurred with LEGO 
NXT between orientation and structure manipulation when a 
child sought ideas towards the construction of a self-designed 
artifact. LEGO NXT and RUBI both emerged in the transition 
from slave to unapproachable, which indicated that the robot 
did not respond to the children’s initiatives. 
All three types of educational robotics appeared in the three 
transitions. They all occurred in the transitions from wild to 
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tame in which technology remained a promoter, but changed the 
role of the child from recipient to producer. A reverse transition 
also took place from tame to wild but, in this case, children 
moved from being producers to recipients. In addition, LEGO 
NXT, Topobo and RUBI appeared in the transition from slave to 
wild, which referred to for instance the observation and 
interpreting of the robot’s functions after having interacted with 
the robot. In such a situation, control was handed over to the 
robot which then set up new possibilities for children’s actions 
by presenting its functions and potential.
6.4. CORE OF THE ENCOUNTERS
As the movement of seasons suggested, educational robotics 
appeared differently to children at different times (the stages of 
encounters), with different types of educational robotics (LEGO 
NXT, Topobo and RUBI) and in different seasons and 
subcategories. The description of the general process illustrated 
the diversity of transitions, but did attempt to provide reasons 
for it beyond the movement, thus leaving the question What 
were the encounters between educational robotics and children 
all about? wide open. In the Þnal phase of selective coding, I 
identiÞed the core category which captured the movement 
between and within the seasons and explained the core of 
encounters.
The differences in the transitions between the seasons, as 
regards different types of educational robotics, gave rise to the 
emergence of a question as to the inßuence of the properties of 
the educational robotics on the movement. It was, however, also 
obvious that the children’s contribution impacted upon the 
seasons. Because not only the technical properties or the impact 
of the children could in isolation explain the movement, it was 
necessary to include both aspects in the core category. 
Factors which combined the characteristics of wild, tame, 
slave and unapproachable related to technical properties and the 
possibilities to use these properties during the work as well as to 
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the category of slave, between predictable and controlling 
educational robotics, occurred only with LEGO NXT.
Topobo had unique transitions within the season of tame 
which characterized it as tame educational robotics. The 
transition occurred between orientation and structure 
manipulation.
The typical transitions with RUBI took place between wild 
and unapproachable. An internal transition within wild took 
place between the stages of orientation and action, and function 
manipulation and action. The transitions from wild to 
unapproachable occurred when RUBI did not respond to 
children’s initiatives. As for the transition from unapproachable 
to wild, this occurred when RUBI caught children’s attention 
and managed to interest them in interacting with it after a break 
in interaction had occurred. 
Topobo and RUBI emerged as the transition from wild to 
slave which meant, in the case of RUBI, that interaction took 
place according to RUBI’s rules and, in the case of Topobo, 
transition took place from interpreting the structure to 
manipulating the function. In addition, they both emerged in 
internal transitions within unapproachable and in transitions 
from unapproachable to tame. In RUBI’s case unapproachable 
transitions referred to the transition from enabling 
unapproachable/secret to limiting unapproachable/worn-out 
which lead to the abandonment of RUBI. The situation 
regarding Topobo was reversed, since the transition occurred 
from limiting to enabling, which evoked actions near or related 
to Topobo. LEGO NXT and Topobo both emerged as a transition 
from tame to slave in relation to function manipulation. In 
addition, a movement from tame to slave occurred with LEGO 
NXT between orientation and structure manipulation when a 
child sought ideas towards the construction of a self-designed 
artifact. LEGO NXT and RUBI both emerged in the transition 
from slave to unapproachable, which indicated that the robot 
did not respond to the children’s initiatives. 
All three types of educational robotics appeared in the three 
transitions. They all occurred in the transitions from wild to 
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tame in which technology remained a promoter, but changed the 
role of the child from recipient to producer. A reverse transition 
also took place from tame to wild but, in this case, children 
moved from being producers to recipients. In addition, LEGO 
NXT, Topobo and RUBI appeared in the transition from slave to 
wild, which referred to for instance the observation and 
interpreting of the robot’s functions after having interacted with 
the robot. In such a situation, control was handed over to the 
robot which then set up new possibilities for children’s actions 
by presenting its functions and potential.
6.4. CORE OF THE ENCOUNTERS
As the movement of seasons suggested, educational robotics 
appeared differently to children at different times (the stages of 
encounters), with different types of educational robotics (LEGO 
NXT, Topobo and RUBI) and in different seasons and 
subcategories. The description of the general process illustrated 
the diversity of transitions, but did attempt to provide reasons 
for it beyond the movement, thus leaving the question What 
were the encounters between educational robotics and children 
all about? wide open. In the Þnal phase of selective coding, I 
identiÞed the core category which captured the movement 
between and within the seasons and explained the core of 
encounters.
The differences in the transitions between the seasons, as 
regards different types of educational robotics, gave rise to the 
emergence of a question as to the inßuence of the properties of 
the educational robotics on the movement. It was, however, also 
obvious that the children’s contribution impacted upon the 
seasons. Because not only the technical properties or the impact 
of the children could in isolation explain the movement, it was 
necessary to include both aspects in the core category. 
Factors which combined the characteristics of wild, tame, 
slave and unapproachable related to technical properties and the 
possibilities to use these properties during the work as well as to 
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individual experiences, interests, engagement and emotions 
towards the artifact. Therefore, I identiÞed an access to represent 
educational robotics’ contribution towards the movement which 
denoted an entry to the technical properties of educational 
robotics. In addition, I identiÞed ownership to represent 
children’s varying levels of engagement as regards educational 
robotics and the deploying of the properties of educational 
robotics as based on their individual interests. Finally 
encounters could be whittled down to a question regarding 
constant interaction between access and ownership and 
therefore I deÞned constant interaction between access and 
ownership as a core category. Figure 42 presents the core category 
in the context of seasons and the dimensions of educational 
robotics and children.
Figure 42. Access and ownership capturing the encounters
Access and ownership variously appeared in the different 
seasons. Access appeared on the attributes of prospective, lost, 
achieved and limited access. Regarding ownership, the 
attributes were the same consisting of prospective, lost, achieved 
and limited ownership, but they partly emerged in different 
seasons. Prospective access and ownership represented wild, 
whereas limited access and limited ownership formed the 
foundation for slave educational robotics. Unapproachable 
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referred to a loss of access and ownership, whereas tame 
emerged as achieved access and ownership. The other 
combinations of access and ownership did not appear in the 
data. Next the core categories of access and ownership are 
presented separately, according to their arrival and departure 
within a season.
6.4.1. Access
Access denoted the impact of technical features on encounters 
between educational robotics and children. The technical 
features related to phonology, morphology, syntax and 
semantics which differed between educational robotics. They 
however shared the emergence of the properties and functions 
as hidden and visible features.
Prospective access characterized wild educational robotics. 
Because educational robotics emerged as wild, robotics did not 
provide control over technology for children, but autonomously 
presented its functions and opportunities to play. Children (as 
recipients) and educational robotics (as promoters) evoked 
access that was, depending on the children’s actions and the 
possibilities of the technology, probable in coming phases but, 
however, not achievable at that moment. 
When the access was prospective, educational robotics 
surprised the children by presenting expected and unpredicted 
functions and made diverse interpretations about its function 
possible. Wild educational robotics had skills and knowledge, 
including social skills, which could be used for instance to catch 
attention or make the robot feel like a friend. It also deÞned the 
procedure and timing of functions in the case of those children 
on which it could not have an effect. 
Reaching the access required a transition from wild to the 
other seasons. One of the directions was towards tame and this 
required control over technical properties in educational 
robotics whilst generating continuous interaction and 
facilitating the handing over of technology control to the 
children. It also required making the hidden properties visible 
and possible to use. Another direction was slave, in which the 
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individual experiences, interests, engagement and emotions 
towards the artifact. Therefore, I identiÞed an access to represent 
educational robotics’ contribution towards the movement which 
denoted an entry to the technical properties of educational 
robotics. In addition, I identiÞed ownership to represent 
children’s varying levels of engagement as regards educational 
robotics and the deploying of the properties of educational 
robotics as based on their individual interests. Finally 
encounters could be whittled down to a question regarding 
constant interaction between access and ownership and 
therefore I deÞned constant interaction between access and 
ownership as a core category. Figure 42 presents the core category 
in the context of seasons and the dimensions of educational 
robotics and children.
Figure 42. Access and ownership capturing the encounters
Access and ownership variously appeared in the different 
seasons. Access appeared on the attributes of prospective, lost, 
achieved and limited access. Regarding ownership, the 
attributes were the same consisting of prospective, lost, achieved 
and limited ownership, but they partly emerged in different 
seasons. Prospective access and ownership represented wild, 
whereas limited access and limited ownership formed the 
foundation for slave educational robotics. Unapproachable 
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referred to a loss of access and ownership, whereas tame 
emerged as achieved access and ownership. The other 
combinations of access and ownership did not appear in the 
data. Next the core categories of access and ownership are 
presented separately, according to their arrival and departure 
within a season.
6.4.1. Access
Access denoted the impact of technical features on encounters 
between educational robotics and children. The technical 
features related to phonology, morphology, syntax and 
semantics which differed between educational robotics. They 
however shared the emergence of the properties and functions 
as hidden and visible features.
Prospective access characterized wild educational robotics. 
Because educational robotics emerged as wild, robotics did not 
provide control over technology for children, but autonomously 
presented its functions and opportunities to play. Children (as 
recipients) and educational robotics (as promoters) evoked 
access that was, depending on the children’s actions and the 
possibilities of the technology, probable in coming phases but, 
however, not achievable at that moment. 
When the access was prospective, educational robotics 
surprised the children by presenting expected and unpredicted 
functions and made diverse interpretations about its function 
possible. Wild educational robotics had skills and knowledge, 
including social skills, which could be used for instance to catch 
attention or make the robot feel like a friend. It also deÞned the 
procedure and timing of functions in the case of those children 
on which it could not have an effect. 
Reaching the access required a transition from wild to the 
other seasons. One of the directions was towards tame and this 
required control over technical properties in educational 
robotics whilst generating continuous interaction and 
facilitating the handing over of technology control to the 
children. It also required making the hidden properties visible 
and possible to use. Another direction was slave, in which the 
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potential features presented with wild were limited but however 
ready to use. The third direction was unapproachable to where 
educational robotics were directed after unsuccessful attempts 
to attract the children.
Achieved access characterized tame educational robotics. 
Achieved access was a result of promoting encounters between 
technical features and children’s intentions and actions with 
educational robotics. Educational robotics with achieved access 
made the properties and functions of the robot extensively 
visible and, as regards still hidden features, presented a medium 
through which to Þnd them. When the access to educational 
robotics was achieved, the usage of robotic features was diverse.
Variations in constructions, modiÞable properties and 
functions, and taking advantage of robotic features opened an 
access to tame educational robotics. Unlimited options to 
interact with the robot artifacts and unlimited opportunities to 
interpret and experience the robot supported and maintained 
the achieved access of tame educational robotics.
The emergence of unknown and unpredictable functions, 
without having a tool to control them, was a way out of 
achieved access and into wild educational robotics. Limited 
possibilities to make choices and interact with the robot directed 
towards unapproachable educational robotics. As for limitations 
regarding syntax and morphology they evoked a departure 
from tame educational robotics and achieved access to slave 
educational robotics.
Limited access characterized slave educational robotics. 
Access appeared limited when the properties and functions of 
educational robotics were restricted in terms of use or the 
purpose of use. Limitations predeÞned childrenÕs possibilities to 
act with educational robotics but also enabled the children to act 
as producers of educational robotics as the limitations framed 
the children’s work process. 
Limited access became concrete, for instance, as predeÞned 
tasks that the children carried out with the robot or by order of 
the robot. Access to the full repertoire of robotic features in that 
case remained limited. The situation corresponded to structure 
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manipulation and unilingual function manipulation which 
provided restricted options to make choices and to impact upon 
the appearance and operations of the robot. When the access to 
robotic features was limited, educational robotics forbade the 
children to use it in all the ways they wanted, even though the 
children appeared as producers of slave educational robotics. 
Access to the limited properties was opened by transition to 
wild educational robotics when these properties, which had 
remained hidden, emerged and became visible. Limitations 
were broken as control was given to educational robotics which 
indicated its potential and thereby impacted on the children’s 
action. In opposition to the before mentioned, when educational 
robotics did not hold control over the children and presented 
unwanted properties, the access changed into lost access and the 
educational technology into unapproachable.
Lost access characterized unapproachable educational 
robotics. When access was lost, educational robotics did not 
highlight its features in such a way that children were able to 
grasp them. Whereas educational robotics brought some of its 
repertoire of functions to the fore, the children did not have the 
means or they were not interested enough to take advantage of 
them. In both situations, educational robotics remained 
unapproachable due to limited features and the upholding of 
children as recipients. 
Lost access meant increasingly limited options to use 
educational robotics as the image of educational robotics 
implied. An access was lost in terms of phonology that did not 
inspire to Þnd new topics, which in turn informed on 
unapproachable/worn out technology. In addition access was 
lost regarding morphology in structure manipulation and syntax 
in function manipulation. Lost access signiÞed that educational 
robotics did not support the Þnding of new ways to use the 
technology, failed to recognize the needs and expectations of the 
user and omitted to react properly to them. It was also possible 
that educational robotics could not recognize the user in an 
appropriate way, which resulted in wrong procedures and 
timing. 
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potential features presented with wild were limited but however 
ready to use. The third direction was unapproachable to where 
educational robotics were directed after unsuccessful attempts 
to attract the children.
Achieved access characterized tame educational robotics. 
Achieved access was a result of promoting encounters between 
technical features and children’s intentions and actions with 
educational robotics. Educational robotics with achieved access 
made the properties and functions of the robot extensively 
visible and, as regards still hidden features, presented a medium 
through which to Þnd them. When the access to educational 
robotics was achieved, the usage of robotic features was diverse.
Variations in constructions, modiÞable properties and 
functions, and taking advantage of robotic features opened an 
access to tame educational robotics. Unlimited options to 
interact with the robot artifacts and unlimited opportunities to 
interpret and experience the robot supported and maintained 
the achieved access of tame educational robotics.
The emergence of unknown and unpredictable functions, 
without having a tool to control them, was a way out of 
achieved access and into wild educational robotics. Limited 
possibilities to make choices and interact with the robot directed 
towards unapproachable educational robotics. As for limitations 
regarding syntax and morphology they evoked a departure 
from tame educational robotics and achieved access to slave 
educational robotics.
Limited access characterized slave educational robotics. 
Access appeared limited when the properties and functions of 
educational robotics were restricted in terms of use or the 
purpose of use. Limitations predeÞned childrenÕs possibilities to 
act with educational robotics but also enabled the children to act 
as producers of educational robotics as the limitations framed 
the children’s work process. 
Limited access became concrete, for instance, as predeÞned 
tasks that the children carried out with the robot or by order of 
the robot. Access to the full repertoire of robotic features in that 
case remained limited. The situation corresponded to structure 
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manipulation and unilingual function manipulation which 
provided restricted options to make choices and to impact upon 
the appearance and operations of the robot. When the access to 
robotic features was limited, educational robotics forbade the 
children to use it in all the ways they wanted, even though the 
children appeared as producers of slave educational robotics. 
Access to the limited properties was opened by transition to 
wild educational robotics when these properties, which had 
remained hidden, emerged and became visible. Limitations 
were broken as control was given to educational robotics which 
indicated its potential and thereby impacted on the children’s 
action. In opposition to the before mentioned, when educational 
robotics did not hold control over the children and presented 
unwanted properties, the access changed into lost access and the 
educational technology into unapproachable.
Lost access characterized unapproachable educational 
robotics. When access was lost, educational robotics did not 
highlight its features in such a way that children were able to 
grasp them. Whereas educational robotics brought some of its 
repertoire of functions to the fore, the children did not have the 
means or they were not interested enough to take advantage of 
them. In both situations, educational robotics remained 
unapproachable due to limited features and the upholding of 
children as recipients. 
Lost access meant increasingly limited options to use 
educational robotics as the image of educational robotics 
implied. An access was lost in terms of phonology that did not 
inspire to Þnd new topics, which in turn informed on 
unapproachable/worn out technology. In addition access was 
lost regarding morphology in structure manipulation and syntax 
in function manipulation. Lost access signiÞed that educational 
robotics did not support the Þnding of new ways to use the 
technology, failed to recognize the needs and expectations of the 
user and omitted to react properly to them. It was also possible 
that educational robotics could not recognize the user in an 
appropriate way, which resulted in wrong procedures and 
timing. 
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A departure from lost access required the deployment of the 
features of the three other seasons. When the direction was 
towards wild, access was enabled by technology. Slave was 
achieved by external support and children’s contribution. 
Children's inventions and possibilities to direct manipulation 
enabled the way out from lost access to tame educational 
robotics.
6.4.2. Ownership
Ownership denoted the impact of children on encounters 
between educational robotics and children. It developed 
through the process with educational robotics and emerged 
differently in the seasons of educational robotics. Ownership 
was an evolving process which included possessing educational 
robotics and withdrawing from it.
Prospective ownership characterized wild educational 
robotics. Wild educational robotics appeared as an artifact which 
was used by the children, but which functioned autonomously. 
Autonomous functions evoked the role of children as recipients 
who observed the functions of the robot. Since the children only 
had minor control over the robot and usually harbored more 
expectations towards it than that which they had been able to 
implement up to that point, the ownership appeared 
prospective in nature. 
Prospective ownership actualized with prospective access 
when the children let the robot display its meaning, properties 
and functions and when the robot directed the action of 
children. At that moment the children (as recipients) did not 
have the option to exert inßuence over the robot. Therefore, the 
robot served as a source of inspiration and information to the 
children.
Children’s ability to impact upon the development of 
ownership depended on their own initiatives and their access to 
the properties of educational robotics. Prospective ownership 
changed into achieved ownership with tame educational 
robotics when the children possessed the artifact by developing 
activities with it and by taking advantage of and following the 
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performed robotic features. In the case of a broken connection 
between the educational robotics and children, the children 
surrendered ownership of the artifact. Ownership strengthened 
when the process with educational robotics moved into the 
season of slave.
Achieved ownership characterized tame educational robotics. 
Achieved denoted that children had already worked with 
robotics and had invested a working process towards it. 
Ownership was also founded on the enabling properties of 
educational robotics, which evoked the possible creation of 
ownership, without having had previous experience in this 
regard, as was the case with Topobo. Achieved ownership 
emerged as a committed and dedicated working with 
educational robotics through reciprocal communication.
Understanding and deploying the features of educational 
robotics promoted the achieving of ownership. The evoking and 
achieving of wanted functions also promoted achieved 
ownership of the robot. In action, children’s feelings of 
ownership emerged as narrative descriptions about the robot 
artifacts and as long-term encounters with the robot.
Children renounce the achieved ownership by letting the 
robot perform its functions autonomously in the wild without 
intentions to intervene in the functions and by letting the robot 
serve as a source of inspiration. In the wild, the children 
challenged the robot to perform to its full abilities and potential. 
Confronting the malfunctions and unwanted functions 
withdrew the achieved ownership and evoked the 
unapproachable educational robotics with lost ownership. As 
for limiting the opportunities with educational robotics, 
achieved ownership turned into limited ownership with slave 
educational robotics.
Limited ownership characterized slave educational robotics. 
Limited, as an attribute of ownership, denoted having control 
over technology, but also deploying the limited properties of the 
robot. Slave educational robotics set the framework for possible 
actions with the robot, but it also emerged a wish to tame the 
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A departure from lost access required the deployment of the 
features of the three other seasons. When the direction was 
towards wild, access was enabled by technology. Slave was 
achieved by external support and children’s contribution. 
Children's inventions and possibilities to direct manipulation 
enabled the way out from lost access to tame educational 
robotics.
6.4.2. Ownership
Ownership denoted the impact of children on encounters 
between educational robotics and children. It developed 
through the process with educational robotics and emerged 
differently in the seasons of educational robotics. Ownership 
was an evolving process which included possessing educational 
robotics and withdrawing from it.
Prospective ownership characterized wild educational 
robotics. Wild educational robotics appeared as an artifact which 
was used by the children, but which functioned autonomously. 
Autonomous functions evoked the role of children as recipients 
who observed the functions of the robot. Since the children only 
had minor control over the robot and usually harbored more 
expectations towards it than that which they had been able to 
implement up to that point, the ownership appeared 
prospective in nature. 
Prospective ownership actualized with prospective access 
when the children let the robot display its meaning, properties 
and functions and when the robot directed the action of 
children. At that moment the children (as recipients) did not 
have the option to exert inßuence over the robot. Therefore, the 
robot served as a source of inspiration and information to the 
children.
Children’s ability to impact upon the development of 
ownership depended on their own initiatives and their access to 
the properties of educational robotics. Prospective ownership 
changed into achieved ownership with tame educational 
robotics when the children possessed the artifact by developing 
activities with it and by taking advantage of and following the 
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performed robotic features. In the case of a broken connection 
between the educational robotics and children, the children 
surrendered ownership of the artifact. Ownership strengthened 
when the process with educational robotics moved into the 
season of slave.
Achieved ownership characterized tame educational robotics. 
Achieved denoted that children had already worked with 
robotics and had invested a working process towards it. 
Ownership was also founded on the enabling properties of 
educational robotics, which evoked the possible creation of 
ownership, without having had previous experience in this 
regard, as was the case with Topobo. Achieved ownership 
emerged as a committed and dedicated working with 
educational robotics through reciprocal communication.
Understanding and deploying the features of educational 
robotics promoted the achieving of ownership. The evoking and 
achieving of wanted functions also promoted achieved 
ownership of the robot. In action, children’s feelings of 
ownership emerged as narrative descriptions about the robot 
artifacts and as long-term encounters with the robot.
Children renounce the achieved ownership by letting the 
robot perform its functions autonomously in the wild without 
intentions to intervene in the functions and by letting the robot 
serve as a source of inspiration. In the wild, the children 
challenged the robot to perform to its full abilities and potential. 
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educational robotics.
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technology and to make it to work according to children’s 
expectations.
Limited ownership evolved when the children possessed 
educational robotics under the instructions and limitations of 
the robots. As the robot deÞned topics, methods and processes 
for action, they provided only partial ownership to the children. 
The partial ownership, together with limited access, made it 
possible to act with educational robotics and to develop the 
ownership by learning with, from and about educational 
robotics. 
Ownership evolved from limited to lost and prospective 
ownership, but did not immediately reach achieved ownership. 
Changing the role of children from producers to recipients and 
educational robotics from the preventer to promoter, turned the 
season into wild and ownership into prospective. Another 
direction was lost access to educational robotics, which evoked 
lost ownership.
Lost ownership characterized unapproachable educational 
robotics. Lost ownership related to lost access that restricted 
children’s contact with educational robotics. Ownership 
appeared lost because it was preceded by possessing the 
educational robotics and perceiving educational robotics as 
promoters. In the season of unapproachable educational 
robotics, ownership was lost.
Several reasons explained the emergence of lost ownership. 
Outcomes from expectations which did not meet with 
educational robotics, the lack of skills and knowledge and a 
shared language with the robot all contributed. Educational 
robotics may have evoked the interest of the children, but 
because of the design of the properties, procedures and 
functions ignored children’s attempts to use the robot or it 
reacted randomly. The inadequacy resulted in insufÞcient 
dedication that evoked lost ownership.
Change in ownership occurred according to the typical 
season of educational robotics. Regarding LEGO NXT, the 
ownership strengthened by possessing the artifact, by limiting 
access to its properties and by using external support. Topobo 
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supported direct manipulation based on achieved access after 
the children had invented a new idea by using another media 
besides Topobo. As for RUBI, enthusiasm about its functions 
served as a trigger for rebuilding the sense of ownership.
6.4.3. Constant interaction between access and ownership
In the encounters between educational robotics and children, the 
access to educational robotics contributed to the evolving of 
ownership that predicted the success of educational robotics in 
terms of children’s engagement and dedication to work with it. 
Access did not mean an open or universal access in order to 
achieve a stronger ownership of the robot. Instead, gradually 
opening access to the different properties of robotics and options 
to manipulate the properties added value and fostered a sense 
of ownership. Children’s dedicated action required a degree of 
struggle in order to achieve access and ownership. A safe and 
predictable solution in children’s working was achieved through 
limited access and prospective ownership. In contrast 
prospective access, together with limited ownership, evoked 
enthusiasm and responsiveness. Unwanted situations in which 
the children were passive and uninterested in the educational 
robotics took place after lost access which, in turn, resulted in 
lost ownership.
Substantive theory on encounters between educational robotics and 
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supported direct manipulation based on achieved access after 
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served as a trigger for rebuilding the sense of ownership.
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terms of children’s engagement and dedication to work with it. 
Access did not mean an open or universal access in order to 
achieve a stronger ownership of the robot. Instead, gradually 
opening access to the different properties of robotics and options 
to manipulate the properties added value and fostered a sense 
of ownership. Children’s dedicated action required a degree of 
struggle in order to achieve access and ownership. A safe and 
predictable solution in children’s working was achieved through 
limited access and prospective ownership. In contrast 
prospective access, together with limited ownership, evoked 
enthusiasm and responsiveness. Unwanted situations in which 
the children were passive and uninterested in the educational 
robotics took place after lost access which, in turn, resulted in 
lost ownership.
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7. Discussion
This chapter presents a discussion on the development of the 
substantive theory and its application to practice. The 
development of the theory is discussed along with other 
research Þndings on related Þelds and the application of the 
theory is speculated upon by using examples and suggestions in 
varied contexts. The research process and outcomes are reßected 
upon according to the guidelines for GT, and in terms of 
qualitative research, that are: credibility, transferability, 
dependability and conÞrmability.
7.1. DEVELOPMENT OF SUBSTANTIVE THEORY
This study generated the substantive theory on encounters 
between educational robotics and children by exploring 
children’s action with robotics. The study used the GT method 
that determined the process of qualitative analysis and resulted 
in the substantive theory. The substantive theory enabled the 
observation of the encounters from two viewpoints which were 
the technological properties and the children's action. Together 
they revealed four different representations of encounters which 
were named seasons. In encounters between educational 
robotics and children, it was a question of accessing educational 
robotics via the technological properties and developing 
ownership of educational robotics via individual experiences 
during interaction with the robot. Together access and 
ownership evoked a type of dedication that emerged as 
children’s will to work with educational robotics (Virnes, 
Sutinen, & Kärnä-Lin, 2008; Virnes & Sutinen, 2009). The core 
concept of constant interaction between access and ownership 
indicated that neither access nor ownership alone were enough 
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but required interaction with each other in order to evoke 
dedication. The substantive theory addressed three highlights 
that revealed the core of encounters between educational 
robotics and children. The highlights were access, ownership, 
and interaction between access and ownership, which are 
discussed and reßected upon with other research Þndings in the 
related Þelds.
The development of the substantive theory started from 
single incidents which had to be bound together in order to 
determine what the encounters were all about. The temporal 
dimension was a natural starting point for the analysis, not as a 
selected viewpoint, but a dimension that emerged from the data. 
Since the beginning of the analysis, it was obvious that three 
different types of educational robotics in three different kinds of 
environments challenged naming the stages that were, in 
essence, a combination of incidents from all three environments. 
Therefore, the combination of the stages that represented the 
range of childrenÕs action was a simpliÞed description of the 
temporal stages of encounters. JustiÞcation for using the 
simpliÞed description arose from the data. This study indicated, 
in opposition to linear (Eronen et al., 2002b) or spiral (Resnick, 
2007) descriptions of children’s actions, that action was in actual 
fact dynamic in nature, which meant the phases of work were 
blended. For instance imagining, ideation and reßection (which 
were also described by my colleagues and I as the separated 
stages in the Kids‘ Club working model)(Eronen et al., 2002a; 
Eronen et al., 2002b), were not in fact separate but took place 
through work being included in all four main stages. Similar 
Þndings on the nonlinear nature of work during technology 
education have been reported by Fleer (2000).
Processes with educational robotics were connected with 
NormanÕs action description in the Þeld of HCI (Norman 2002, 
pp. 45–49). Norman’s seven stages of action were 1) forming the 
goal, 2)   forming the intention, 3)   specifying an action, 
4)  executing the action, 5)  perceiving the state of the world, 
6)   interpreting the state of the world and 7)   evaluating the 
outcome (that is what happened, making sense of it and 
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interpreting it, comparing that which happened to that which 
was wanted). When comparing Norman’s stages with the stages 
of encounters, Norman’s stages one, two and three 
corresponded with orientation and represented interactions 
initiated by children and directed towards robots. Stage four 
matched with structure and function manipulation and 
represented both childrenÕs and robotsÕ actions. Stages Þve and 
six related strongly to playful action and children receiving 
feedback from the robot. Against NormansÕ deÞnition, stage 
seven was not a separate phase with educational robotics but 
was included in the other stages. Therefore, evaluating the 
outcome appeared differently within educational robotics for 
educational context, than in the context of HCI when 
considering the stages generally.
The deÞnition of chronological stages was the Þrst step 
towards understanding the process of encounters. Encounters 
included shifts from one stage to another, which was important 
for children’s progress with educational robotics. The 
importance of the shifts was also reported upon in the studies of 
educational robotics by Lund and Marti (2004) and Rafße et al. 
(2004, 2006, 2007) who connected the shifts between the stages to 
creativity. A constant feedback loop, which could be used to reßect 
upon the interaction and relationship between educational 
robotics and children as well as the short working stages evoked 
creativity in children who worked with Topobo (Rafße et al., 
2004, 2006, 2007). The conclusion was interesting and in 
accordance with the observations in this study. NXT required 
long working stages and the constructing of robotic artifact from 
the models, which did not stimulate childrenÕs creativity. As for 
self-designed NXT and Topobo artifacts, they enabled quick 
shifts between stages and seasons and thus enabled a constant 
feedback loop which resulted in dedicated working and creative 
artifacts as an outcome. I-BLOCKS (Lund & Marti, 2004) 
revealed similar Þndings to Topobo (Rafße et al., 2004, 2006, 
2007) by indicating that almost parallel constructing, 
programming and observing of robotic artifacts evoked creative 
outcomes which the segmented stages of work did not achieve. 
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educational robotics by Lund and Marti (2004) and Rafße et al. 
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creativity. A constant feedback loop, which could be used to reßect 
upon the interaction and relationship between educational 
robotics and children as well as the short working stages evoked 
creativity in children who worked with Topobo (Rafße et al., 
2004, 2006, 2007). The conclusion was interesting and in 
accordance with the observations in this study. NXT required 
long working stages and the constructing of robotic artifact from 
the models, which did not stimulate childrenÕs creativity. As for 
self-designed NXT and Topobo artifacts, they enabled quick 
shifts between stages and seasons and thus enabled a constant 
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2007) by indicating that almost parallel constructing, 
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It also indicated that more interaction and mutual initiatives 
resulted in more dedicated and inventive work by the children 
with educational robotics. This was similar to the Þndings in 
other studies in terms of feedback loop and parallel stages. 
The variation of seasons supplied children’s action with 
educational robotics with impetus and evoked dynamic 
encounters. In addition to the stage-connected temporal 
dimension, encounters emerged the importance of access as the 
promoting and preventing properties of educational robotics, 
which related to the concepts of affordance (Norman, 2002, p. 9, 
84) and constraints (Norman 2002, pp. 12–13, p. 60, pp. 82–87).
Access plainly meant an entrance and accessibility to 
educational robotics at different stages of encounters. The 
promoting properties of access had an analogue with affordance 
that refers to the perceived and actual properties of technology, 
primarily to those fundamental properties that determine how 
the technology could be used. For example, affordance of the 
construction bricks determined how they Þt together. In 
addition, shape, size and possibly other features as well, 
suggested the main construction rule and bricksÕ functions. 
Affordance of a social robot, in terms of its appearance and 
intelligence which it presented to children, communicated to the 
children what the robot is for and hinted at the main rules for 
interaction.
The signiÞcance of access is especially revealed in those 
situations where the children did not achieve hands on 
interaction with educational robotics and were thus prevented 
from using the technology in the way in which they wished to 
do. The preventing properties of access had an analogue with 
constraints that consisted of physical, semantic, cultural and 
logical constraints. Physical constraints limited which building 
blocks Þtted together or related to the robotÕs autonomous arms 
and their capability to grasp objects. Semantic and logical 
constraints denoted a conßict between childrenÕs actions, as an 
input, and the expected robotÕs function, as an output. It is 
worth noting that even though physical and semantic 
constraints may make working with educational robotics 
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difÞcult, the whole ecology of the learning environment 
(including learning and teaching cultures) may cause major 
possible constraints for the successful use of robotics in 
education. That was however not an issue which was at stake in 
the research environments of this study. 
The properties of educational robotics provoked questions 
related to the visibility of properties to children. In this study, 
robotsÕ appearance, effectors and actuators were the visible 
properties, whereas the partly hidden artiÞcial features of social 
robots and the numerous options for constructing and 
programming of robotics and constructions kits were the 
invisible ones. Even though the visible properties were salient in 
use and the properties of social skills and advanced possibilities 
for programming were mainly ignored, invisible properties 
were in some cases an enriching element of educational robotics. 
Against NormanÕs (2002) principle regarding the beneÞts of 
visible features, invisible properties could leave space for 
exploring and Þnding new subjects, learning with, from and 
about robotics and in this way facilitate the emergence of 
educational robotics as wild and inspiring. Therefore, from the 
viewpoint of access the full visibility and availability of 
technical properties (and thus a completely open access to the 
properties) was not a necessity. Even though the properties 
shaped childrenÕs action with the robot, making the robot 
emerge via four different seasons, childrenÕs possibilities to have 
an effect on the robot and to choose what they wanted to do 
with it were even more important .
It seems that issues of human-computer interaction and the 
pursuit of a faultless presentation are, however, not a fruitful 
standpoint in the implementations of educational robotics. In 
general, HCI emphasizes learning to use technology, whereas 
using the technology for learning requires that one sometimes 
misuses the technology and searches for the possibilities and 
limitations of it. The children for instance made mistakes in 
exploring alternatives in their use of educational robotics. These 
actions were maybe unexpected but presented the childÕs 
creativity and ability to take advantage of educational robotics. 
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The wrong use was even desirable as long as the technology was 
under the control of children as it was when educational 
robotics emerged as predictable slave and dynamic tame.
Dynamic encounters demanded that educational robotics 
opened access and showed new properties thus enabling 
children to use robotics, especially during structure and function 
manipulation and playful action with RUBI in order to develop 
a sense of ownership towards the robot. In concrete terms that 
meant making selections and inßuencing the robot, which 
promoted children’s interest in and dedicated action with it. The 
importance of possibilities regarding selections and inßuencing 
on the robot has been studied on interactive toys where it was 
observed that incomplete and developing toys interested 
children more than a completed toy (Melson, Kahn, & Beck, 
2009). Incompleteness supported the viewpoint that interactive 
toys and educational robotics should be more or less modiÞable 
by children as they will then have more space for inventing and 
using the learning tool actively. 
The properties of robotics naturally have an impact on 
children’s action. Studies on the relationship between robotics 
and children have revealed that interactive toys are handled like 
living beings (Francis & Mishra, 2009; Turkle, 2005; Salter, 
Michaud, & Larouche, 2010) and that children handle the robotic 
dog AIBO and the QRIO robot in a more reciprocal and gentler 
manner than a soft toy (Kahn et al., 2006; Tanaka et al., 2005). 
Research Þndings also indicated that the more interactive 
properties toys have, the less children want to touch it and the 
more space they afford the toy (Francis & Mishra, 2009). 
Different kinds of human feelings regarding the properties of 
robotics have been linked with single properties, such as 
intelligence in facial expressions (Bartneck, Kanda, Mubin, & Al 
Mahmud, 2009) and the robot’s response (Shiwa, Kanda, Imai, 
Ishiguro, & Hagita, 2009), but I aim to draw conclusions about 
children’s actions via access and ownership.
Ownership represented the children’s viewpoint and was 
related to their dedication to work with educational robotics. 
Other studies have discussed the concept of ownership from the 
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perspectives of HCI and design (van Rijn & Stappers, 2008) and 
used the term psychological ownership to express experienced 
feeling of ownership (Wang, Battocchi, Graziola, Pianesi, 
Tomasini, Zancanaro, & Nass, 2006) which is closest to 
children’s feelings of ownership towards educational robotics in 
this study. Other studies connected ownership with 
constructivist and PBL pedagogy (Enghag & Niedderer, 2008; 
Savery & Duffy, 1995) and discussed both universal access and 
ownership for example to materials in education (Chambers & 
Carbonaro, 2003; Michael & Trezek, 2006). Therefore, the 
outcomes of studies on interactive toys and robots were twofold: 
they either improved interaction or they lost children’s 
willingness to participate. Technological properties only cannot 
explain the change, but the relationship which is formed via 
access, ownership and emergence of educational robotics via 
seasons could be one justiÞcation.
The substantive theory, named the interaction between access 
and ownership, forms the core category. Phenomena which 
described interaction between technology and individuals have 
been explored from many perspectives, such as persuasive 
technology.
Fogg (2002) introduced interaction between technology and 
humans as persuasive technology that attempts to change 
attitudes and behaviors of individuals by persuading, not by 
coercing or using deception. Relationships between people and 
computers, i.e. encounters in this study, are investigated through 
the study of how people are motivated or persuaded when they 
interact with computers, not through computers (Mintz & 
Aagaard, 2012). Persuasion as a technological feature is a 
planned effect of technology, not a side effect. In this sense, 
persuasion relates to educational robotics and children’s 
encounters with it, especially if a particular objective related to 
changes in children’s behavior and attitudes is set as an 
objective for action with educational robotics. Then the overall 
persuasive intent of educational robotics could relate, for 
example, to collaborative behavior during a learning process. In 
addition to overall persuasive intent, persuasion techniques are 
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The wrong use was even desirable as long as the technology was 
under the control of children as it was when educational 
robotics emerged as predictable slave and dynamic tame.
Dynamic encounters demanded that educational robotics 
opened access and showed new properties thus enabling 
children to use robotics, especially during structure and function 
manipulation and playful action with RUBI in order to develop 
a sense of ownership towards the robot. In concrete terms that 
meant making selections and inßuencing the robot, which 
promoted children’s interest in and dedicated action with it. The 
importance of possibilities regarding selections and inßuencing 
on the robot has been studied on interactive toys where it was 
observed that incomplete and developing toys interested 
children more than a completed toy (Melson, Kahn, & Beck, 
2009). Incompleteness supported the viewpoint that interactive 
toys and educational robotics should be more or less modiÞable 
by children as they will then have more space for inventing and 
using the learning tool actively. 
The properties of robotics naturally have an impact on 
children’s action. Studies on the relationship between robotics 
and children have revealed that interactive toys are handled like 
living beings (Francis & Mishra, 2009; Turkle, 2005; Salter, 
Michaud, & Larouche, 2010) and that children handle the robotic 
dog AIBO and the QRIO robot in a more reciprocal and gentler 
manner than a soft toy (Kahn et al., 2006; Tanaka et al., 2005). 
Research Þndings also indicated that the more interactive 
properties toys have, the less children want to touch it and the 
more space they afford the toy (Francis & Mishra, 2009). 
Different kinds of human feelings regarding the properties of 
robotics have been linked with single properties, such as 
intelligence in facial expressions (Bartneck, Kanda, Mubin, & Al 
Mahmud, 2009) and the robot’s response (Shiwa, Kanda, Imai, 
Ishiguro, & Hagita, 2009), but I aim to draw conclusions about 
children’s actions via access and ownership.
Ownership represented the children’s viewpoint and was 
related to their dedication to work with educational robotics. 
Other studies have discussed the concept of ownership from the 
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perspectives of HCI and design (van Rijn & Stappers, 2008) and 
used the term psychological ownership to express experienced 
feeling of ownership (Wang, Battocchi, Graziola, Pianesi, 
Tomasini, Zancanaro, & Nass, 2006) which is closest to 
children’s feelings of ownership towards educational robotics in 
this study. Other studies connected ownership with 
constructivist and PBL pedagogy (Enghag & Niedderer, 2008; 
Savery & Duffy, 1995) and discussed both universal access and 
ownership for example to materials in education (Chambers & 
Carbonaro, 2003; Michael & Trezek, 2006). Therefore, the 
outcomes of studies on interactive toys and robots were twofold: 
they either improved interaction or they lost children’s 
willingness to participate. Technological properties only cannot 
explain the change, but the relationship which is formed via 
access, ownership and emergence of educational robotics via 
seasons could be one justiÞcation.
The substantive theory, named the interaction between access 
and ownership, forms the core category. Phenomena which 
described interaction between technology and individuals have 
been explored from many perspectives, such as persuasive 
technology.
Fogg (2002) introduced interaction between technology and 
humans as persuasive technology that attempts to change 
attitudes and behaviors of individuals by persuading, not by 
coercing or using deception. Relationships between people and 
computers, i.e. encounters in this study, are investigated through 
the study of how people are motivated or persuaded when they 
interact with computers, not through computers (Mintz & 
Aagaard, 2012). Persuasion as a technological feature is a 
planned effect of technology, not a side effect. In this sense, 
persuasion relates to educational robotics and children’s 
encounters with it, especially if a particular objective related to 
changes in children’s behavior and attitudes is set as an 
objective for action with educational robotics. Then the overall 
persuasive intent of educational robotics could relate, for 
example, to collaborative behavior during a learning process. In 
addition to overall persuasive intent, persuasion techniques are 
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grafted into the properties of educational robotics as smaller 
elements. This study did not match the single technological 
properties of educational robotics with single incidents of 
children’s action, which could be a topic for further research.
Another concept that is linked to encounters and constant 
interaction between access and ownership is engagement that 
relates to the relationship between people and technology by 
highlighting positive user experiences, enjoy ability and 
elements that maintain one’s interest to act with the technology 
to mention but a few. Engagement has been investigated, 
particularly in the Þeld of human-computer interaction (Antle, 
2013; O'Brien & Toms, 2008; Xie et al., 2008; Keay-Bright & 
Howarth, 2012; Larsen & Hedvall, 2012; Read, MacFarlane, & 
Casey, 2002; Salvo, 2002) and it is linked both with technical 
properties and motivational aspects of individuals. Considering 
engagement with the core category of constant interaction 
between access and ownership, similar elements can be found in 
both of them, especially regarding the concept of ownership 
where development may be expected to require engagement. It 
can also be noted that neither technical properties for access nor 
individual motivation alone are deemed enough to maintain 
interaction or develop ownership, but rather a constant 
interaction between the two is required. Engagement and 
constant interaction between access and ownership encompass 
that point of view by considering both technological and human 
perspectives. Differences emerge as engagement tries to arouse 
positive feelings when possible with the technology in order to 
maintain individuals’ interest in the technology. Ownership 
requires such interest as well, but the combination of access and 
ownership, with the qualiÞer constant interaction, allows and 
describes children’s actions in situations where access and 
ownership are prospective, achieved, limited or lost. 
Ownership promotes long-term encounters, a desired state 
for maintaining interaction between technology and children in 
order to promote learning. This study showed tame educational 
robotics as being such a state and unapproachable the opposite 
of it. Movement between wild and slave technology supported 
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the way towards tame, but the question remains: How can these 
two states be achieved?
Children’s processes with educational robotics have been 
described in research articles on Robovie and Qrio. Reported 
research on children’s interactions with Robovie and Qrio 
enabled the review of research Þndings from the viewpoint of 
themes in this study. Therefore, the substantive theory on 
encounters between educational robotics and children could be 
tested as if using research Þndings (e.g. Kanda, 2004a, 2004b) as 
the new data.
Kanda et al. (2004a, 2004b) studied the topic from the 
viewpoint of developing social robots. The results of 
experiments addressed three factors that are critical in the 
successful use of educational robotics with children. The factors 
are “access” in phase one, “ownership” in phase two and 
Òfriendly relationshipÓ in phase three as Kanda et al. (2004a, 
2004b) deÞned it. In KandaÕs study interaction was created by 
giving and receiving of access (i.e. giving and asking the name). 
This kind of access differed from universal access because it 
required two-directional interaction i.e. from the robot to the 
child and from the child to the robot. Universal access would 
give access to the robot without requirements, in this case acts 
for interaction, from a child. The children created ownership 
towards the robot after the access, e.g. by sharing personal 
matters. It seems that forming feelings of  ownership to the 
robot was a critical pre-requisite for long-term interaction with 
it. As authors write “the children who played a shorter time 
played with the robot in the Þrst and third phasesÓ which could 
address a weak emergence of ownership whereas Òchildren, 
who played longer, continued playing with the robot over two 
monthsÓ may address a stronger ownership. The reason why 
children from less than half the group returned to the robot may 
be as a result of the interaction between other children and 
getting cues about the robotÕs new functions from them. It seems 
that the robotÕs interaction with the child, after the Þrst 
meetings, affected an either weak or strong sense of ownership, 
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grafted into the properties of educational robotics as smaller 
elements. This study did not match the single technological 
properties of educational robotics with single incidents of 
children’s action, which could be a topic for further research.
Another concept that is linked to encounters and constant 
interaction between access and ownership is engagement that 
relates to the relationship between people and technology by 
highlighting positive user experiences, enjoy ability and 
elements that maintain one’s interest to act with the technology 
to mention but a few. Engagement has been investigated, 
particularly in the Þeld of human-computer interaction (Antle, 
2013; O'Brien & Toms, 2008; Xie et al., 2008; Keay-Bright & 
Howarth, 2012; Larsen & Hedvall, 2012; Read, MacFarlane, & 
Casey, 2002; Salvo, 2002) and it is linked both with technical 
properties and motivational aspects of individuals. Considering 
engagement with the core category of constant interaction 
between access and ownership, similar elements can be found in 
both of them, especially regarding the concept of ownership 
where development may be expected to require engagement. It 
can also be noted that neither technical properties for access nor 
individual motivation alone are deemed enough to maintain 
interaction or develop ownership, but rather a constant 
interaction between the two is required. Engagement and 
constant interaction between access and ownership encompass 
that point of view by considering both technological and human 
perspectives. Differences emerge as engagement tries to arouse 
positive feelings when possible with the technology in order to 
maintain individuals’ interest in the technology. Ownership 
requires such interest as well, but the combination of access and 
ownership, with the qualiÞer constant interaction, allows and 
describes children’s actions in situations where access and 
ownership are prospective, achieved, limited or lost. 
Ownership promotes long-term encounters, a desired state 
for maintaining interaction between technology and children in 
order to promote learning. This study showed tame educational 
robotics as being such a state and unapproachable the opposite 
of it. Movement between wild and slave technology supported 
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the way towards tame, but the question remains: How can these 
two states be achieved?
Children’s processes with educational robotics have been 
described in research articles on Robovie and Qrio. Reported 
research on children’s interactions with Robovie and Qrio 
enabled the review of research Þndings from the viewpoint of 
themes in this study. Therefore, the substantive theory on 
encounters between educational robotics and children could be 
tested as if using research Þndings (e.g. Kanda, 2004a, 2004b) as 
the new data.
Kanda et al. (2004a, 2004b) studied the topic from the 
viewpoint of developing social robots. The results of 
experiments addressed three factors that are critical in the 
successful use of educational robotics with children. The factors 
are “access” in phase one, “ownership” in phase two and 
Òfriendly relationshipÓ in phase three as Kanda et al. (2004a, 
2004b) deÞned it. In KandaÕs study interaction was created by 
giving and receiving of access (i.e. giving and asking the name). 
This kind of access differed from universal access because it 
required two-directional interaction i.e. from the robot to the 
child and from the child to the robot. Universal access would 
give access to the robot without requirements, in this case acts 
for interaction, from a child. The children created ownership 
towards the robot after the access, e.g. by sharing personal 
matters. It seems that forming feelings of  ownership to the 
robot was a critical pre-requisite for long-term interaction with 
it. As authors write “the children who played a shorter time 
played with the robot in the Þrst and third phasesÓ which could 
address a weak emergence of ownership whereas Òchildren, 
who played longer, continued playing with the robot over two 
monthsÓ may address a stronger ownership. The reason why 
children from less than half the group returned to the robot may 
be as a result of the interaction between other children and 
getting cues about the robotÕs new functions from them. It seems 
that the robotÕs interaction with the child, after the Þrst 
meetings, affected an either weak or strong sense of ownership, 
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which later impacted on building a friendly relationship with 
the robot.
Access and ownership seem to present critical points in the 
interaction between children and the robot also with QRIO. A 
higher number of interactions appeared when the robot 
presented its full repertoire, whereas too predictable behavior 
could not engage the children’s interest towards the robot. In all 
probability the children had easy, one-way access to the robot 
without having to create two-directional access (e.g. “I give you 
access to me by telling you my name, and you give me access to 
you by reacting to my touch”). Then they seemed to lose contact 
with the robot - a “rough” surface for attaching is missing. In 
this case, the feelings of ownership which were meant to engage 
friendly relationships did not improve.
7.2. APPLICATION OF SUBSTANTIVE THEORY
The technical and pedagogical design of different types of 
educational robotics, such as social robots, construction kits and 
robotics kits that were presented in chapter two, requires an 
understanding of encounters between educational robotics and 
children. The Þndings of this study suggest using the elements 
of the substantive theory in the design of educational robotics by 
using the following steps and viewpoints.
Firstly it is essential to identify the parties concerned, namely 
educational robotics and children and mark them as one 
dimension. Because it is a question of design of educational 
robotics, it is essential to acknowledge the existence of the 
promoting and limiting properties of educational robotics. 
However, these technological properties are not unambiguous 
so that a certain property, such as a round shape, evokes a 
certain behavior in children. Instead, the dynamic nature of 
encounters between educational robotics and children has more 
signiÞcance than a single property. Thus educational robotics, as 
a promoter and as a preventer, is another dimension for design. 
Naturally, there are also other aspects (such as the classroom 
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environment with other children and teachers) which are 
worthwhile to take into account as a wider context in the design 
of educational robotics. As this study focused only on 
encounters between educational robotics and children, other 
motives were excluded from the discussion about the 
application of the theory, but were presented as a background to 
the use of robotics for education in the introduction.
Secondly the properties of educational robotics are deÞned 
by using the metaphorical categories of phonology, morphology, 
syntax and semantics. A visible appearance of educational 
robotics regarding phonology is outlined in which case size, 
shapes, colors and materials are taken into account. Based on 
several other research Þndings (e.g. Woods, 2006; Bartneck et al., 
2009; Bernstein & Crowley, 2008) it can be assumed that dusky 
colors guide towards a mechanical and automatic impression on 
educational robotics and rich use of color towards the so called 
soft features. Take size as an example: the need for working with 
a robot in different environments would require an easily 
movable robot that could be deÞned as a pocket-sized robot. The 
structure of educational robotics is described by components 
and by deÞning whether the robot is modiÞable or not. Syntax 
describes the functions of the robot and takes a stand on what is 
considered a ”shared language” between educational robotics 
and children. It can be a question of understanding social cues, a 
particular programing language or other platform for 
developing functions for the robot. Semantics emerge mainly via 
encounters between educational robotics and children, and it 
can be almost anything that children experience with the robot. 
Thirdly the action of children with educational robotics is 
speculated at by using aforementioned dimensions, and an 
implementation of educational robotics is modiÞed accordingly. 
At this stage it is also essential to think about pedagogical 
objectives and to describe what kind of actions children are 
expected to present with educational robotics. Those 
expectations have an impact on how educational robotics should 
be revealed to children during their action with it. Speculation 
could be extended to the categories of educational robotics as 
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which later impacted on building a friendly relationship with 
the robot.
Access and ownership seem to present critical points in the 
interaction between children and the robot also with QRIO. A 
higher number of interactions appeared when the robot 
presented its full repertoire, whereas too predictable behavior 
could not engage the children’s interest towards the robot. In all 
probability the children had easy, one-way access to the robot 
without having to create two-directional access (e.g. “I give you 
access to me by telling you my name, and you give me access to 
you by reacting to my touch”). Then they seemed to lose contact 
with the robot - a “rough” surface for attaching is missing. In 
this case, the feelings of ownership which were meant to engage 
friendly relationships did not improve.
7.2. APPLICATION OF SUBSTANTIVE THEORY
The technical and pedagogical design of different types of 
educational robotics, such as social robots, construction kits and 
robotics kits that were presented in chapter two, requires an 
understanding of encounters between educational robotics and 
children. The Þndings of this study suggest using the elements 
of the substantive theory in the design of educational robotics by 
using the following steps and viewpoints.
Firstly it is essential to identify the parties concerned, namely 
educational robotics and children and mark them as one 
dimension. Because it is a question of design of educational 
robotics, it is essential to acknowledge the existence of the 
promoting and limiting properties of educational robotics. 
However, these technological properties are not unambiguous 
so that a certain property, such as a round shape, evokes a 
certain behavior in children. Instead, the dynamic nature of 
encounters between educational robotics and children has more 
signiÞcance than a single property. Thus educational robotics, as 
a promoter and as a preventer, is another dimension for design. 
Naturally, there are also other aspects (such as the classroom 
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environment with other children and teachers) which are 
worthwhile to take into account as a wider context in the design 
of educational robotics. As this study focused only on 
encounters between educational robotics and children, other 
motives were excluded from the discussion about the 
application of the theory, but were presented as a background to 
the use of robotics for education in the introduction.
Secondly the properties of educational robotics are deÞned 
by using the metaphorical categories of phonology, morphology, 
syntax and semantics. A visible appearance of educational 
robotics regarding phonology is outlined in which case size, 
shapes, colors and materials are taken into account. Based on 
several other research Þndings (e.g. Woods, 2006; Bartneck et al., 
2009; Bernstein & Crowley, 2008) it can be assumed that dusky 
colors guide towards a mechanical and automatic impression on 
educational robotics and rich use of color towards the so called 
soft features. Take size as an example: the need for working with 
a robot in different environments would require an easily 
movable robot that could be deÞned as a pocket-sized robot. The 
structure of educational robotics is described by components 
and by deÞning whether the robot is modiÞable or not. Syntax 
describes the functions of the robot and takes a stand on what is 
considered a ”shared language” between educational robotics 
and children. It can be a question of understanding social cues, a 
particular programing language or other platform for 
developing functions for the robot. Semantics emerge mainly via 
encounters between educational robotics and children, and it 
can be almost anything that children experience with the robot. 
Thirdly the action of children with educational robotics is 
speculated at by using aforementioned dimensions, and an 
implementation of educational robotics is modiÞed accordingly. 
At this stage it is also essential to think about pedagogical 
objectives and to describe what kind of actions children are 
expected to present with educational robotics. Those 
expectations have an impact on how educational robotics should 
be revealed to children during their action with it. Speculation 
could be extended to the categories of educational robotics as 
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presented in Figure   13 in chapter two when addressing the 
questions of how to link a social robot, construction kit or 
robotics kit with the different seasons of educational robotics. 
Speculation is two-fold and uses knowledge on access and 
ownership: 1)   from the technological viewpoint, seasons are 
used for proÞling educational robotics in which case speculation 
relates to the changes of the proÞles and 2) from the children’s 
viewpoint, children’s expected actions with educational robotics 
in the educational context, e.g. in the classroom, are outlined.
Educational robotics reveal itself as wild when it takes 
initiatives, presents behaviors autonomously and, through these 
actions, inspires children. Educational robotics reveal itself as 
tame when it inspires children and produce ideas which helps 
them. It also reacts to the environment and responds to 
children’s initiatives by presenting expected behaviors. Tame 
educational robotics interact with children. Slave educational 
robotics deÞne childrenÕs possibilities to play with it by limiting 
the properties available to children. It deÞnes ways in which 
communication and action can take place but also performs 
functions safely and faithfully in the given tasks. The proÞle of 
educational robotics appears as unapproachable when the robot 
does not respond to children’s expectations, initiatives and 
actions.
Changing the season, i.e. moving from one proÞle to another, 
requires knowledge regarding access and ownership. Mainly, it 
is a question of paying attention to dimensions that deÞne the 
parties and properties of educational robotics. Unapproachable, 
which is typically an unwanted representation of educational 
robotics, illustrates the use of this theory. When changing the 
proÞle of educational robotics from unapproachable to wild, 
new technological properties are presented to the children by a 
robot. In changing from unapproachable to slave, children are 
afforded more possibilities to modify the robot but by following 
the instructions. The changing from unapproachable to tame 
requires that technical properties be explained to the children to 
help them in modifying the robot according to their interest, 
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which includes the assumption that the children are able to do 
it.
I did not however analyze the children’s work processes in 
detail and indicated, for instance, bottlenecks in their working, 
particularly before moving from stages of active working to 
passive ones. An analysis of those stages would concretely 
beneÞt the design of educational robotics and deÞne practical 
guidelines for design and implementation.
This study did not focus on linking a speciÞc ability or 
disability to the quality of encounters but rather referred to the 
research participants in general terms as ”children”, even 
though they displayed different abilities and disabilities when 
working with educational robotics. As the children represented 
a cross-section of the inherent strengths and disabilities typical 
to any inclusive learning environment, the research settings 
provided a realistic understanding of the quality of the 
encounters in the classroom. Generally one could state that 
disabilities emerged (in some cases) as a longer working time 
during structure manipulation which required the use of 
perceptive skills to identify the right brick for the construction. 
On the other hand, children with limited attention skills worked 
with the educational robotics for the duration of the workshop 
without requiring breaks. It could be said that the quality of 
encounters, presented as different seasons in this study, varied 
with each type of educational robotics in every educational 
environment, despite the children’s different abilities and 
disabilities. This suggests that the quality of encounters varies in 
any case, but the study did not specify the factors related to 
children’s abilities and disabilities beyond. For future research it 
would be worth studying the impact of special abilities and 
disabilities in order to predict more accurately the direction for 
the development of ownership.
Outlining the type of action that children are expected to 
present with educational robotics requires knowledge on access 
and ownership as well. It is essential to understand children’s 
working processes with educational robotics and to gain 
measurable outcomes especially when educational robotics 
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presented in Figure   13 in chapter two when addressing the 
questions of how to link a social robot, construction kit or 
robotics kit with the different seasons of educational robotics. 
Speculation is two-fold and uses knowledge on access and 
ownership: 1)   from the technological viewpoint, seasons are 
used for proÞling educational robotics in which case speculation 
relates to the changes of the proÞles and 2) from the children’s 
viewpoint, children’s expected actions with educational robotics 
in the educational context, e.g. in the classroom, are outlined.
Educational robotics reveal itself as wild when it takes 
initiatives, presents behaviors autonomously and, through these 
actions, inspires children. Educational robotics reveal itself as 
tame when it inspires children and produce ideas which helps 
them. It also reacts to the environment and responds to 
children’s initiatives by presenting expected behaviors. Tame 
educational robotics interact with children. Slave educational 
robotics deÞne childrenÕs possibilities to play with it by limiting 
the properties available to children. It deÞnes ways in which 
communication and action can take place but also performs 
functions safely and faithfully in the given tasks. The proÞle of 
educational robotics appears as unapproachable when the robot 
does not respond to children’s expectations, initiatives and 
actions.
Changing the season, i.e. moving from one proÞle to another, 
requires knowledge regarding access and ownership. Mainly, it 
is a question of paying attention to dimensions that deÞne the 
parties and properties of educational robotics. Unapproachable, 
which is typically an unwanted representation of educational 
robotics, illustrates the use of this theory. When changing the 
proÞle of educational robotics from unapproachable to wild, 
new technological properties are presented to the children by a 
robot. In changing from unapproachable to slave, children are 
afforded more possibilities to modify the robot but by following 
the instructions. The changing from unapproachable to tame 
requires that technical properties be explained to the children to 
help them in modifying the robot according to their interest, 
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which includes the assumption that the children are able to do 
it.
I did not however analyze the children’s work processes in 
detail and indicated, for instance, bottlenecks in their working, 
particularly before moving from stages of active working to 
passive ones. An analysis of those stages would concretely 
beneÞt the design of educational robotics and deÞne practical 
guidelines for design and implementation.
This study did not focus on linking a speciÞc ability or 
disability to the quality of encounters but rather referred to the 
research participants in general terms as ”children”, even 
though they displayed different abilities and disabilities when 
working with educational robotics. As the children represented 
a cross-section of the inherent strengths and disabilities typical 
to any inclusive learning environment, the research settings 
provided a realistic understanding of the quality of the 
encounters in the classroom. Generally one could state that 
disabilities emerged (in some cases) as a longer working time 
during structure manipulation which required the use of 
perceptive skills to identify the right brick for the construction. 
On the other hand, children with limited attention skills worked 
with the educational robotics for the duration of the workshop 
without requiring breaks. It could be said that the quality of 
encounters, presented as different seasons in this study, varied 
with each type of educational robotics in every educational 
environment, despite the children’s different abilities and 
disabilities. This suggests that the quality of encounters varies in 
any case, but the study did not specify the factors related to 
children’s abilities and disabilities beyond. For future research it 
would be worth studying the impact of special abilities and 
disabilities in order to predict more accurately the direction for 
the development of ownership.
Outlining the type of action that children are expected to 
present with educational robotics requires knowledge on access 
and ownership as well. It is essential to understand children’s 
working processes with educational robotics and to gain 
measurable outcomes especially when educational robotics 
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should emerge as a slave at different stages of action, which 
means instructed working with the robot. When children are 
expected to observe and learn from the robot, even in 
apprenticeship, the robot should emerge as wild. When children 
are expected to explore with the robot and continue their work 
in a creative manner, the robot should emerge as tame. If 
children are expected to take any actions with educational 
robotics, aiming at unapproachable is not a desired situation.
The substantive theory created a framework according to 
which design issues could be taken into account. After all, 
childrenÕs action with educational robotics deÞned the type of 
encounters and the way in which educational robotics were 
experienced. It was not only a question of how educational 
robotics, including design and technical implementation, 
”survived” with children, it was also a question of how robotics 
evolved with children and fulÞlled their expectations and needs 
at the different phases of working. In that sense, it was not only 
a question about the properties of educational robotics, but also 
the processes with educational robotics, which this study 
opened via a study of the encounters.
7.3. REFLECTION ON RESEARCH
The history of educational technology research shows that 
researchers have expected the power of technologies for 
improving education to be much more impressive than the 
research result have proven them to be. Criticism of educational 
technology has centered on research traditions which have 
reported incomplete studies and anecdotal results, regarding 
both technological and educational branches. Enthusiasm about 
technology's capabilities and potential has led to hype driven 
claims regarding technology’s utility, however delivering 
provocative, challenging and inspiring writings. Optimistic 
predictions, and that which has really been learnt, with and 
from technologies, have been the source of endless debates since 
the 80s. Critical discussion about the topic, however, seems to 
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have died down during last years (Ross & Morrison, 2014; Ross, 
Morrison, & Lowther, 2010; Reeves, 2006, 2000; Reeves, 
Herrington, & Oliver, 2005; Winn 2002, 2003; Clark, 1994; Rieber 
2004: 584–585). 
Similar criticism could be addressed to research regarding 
educational robotics. Convincing – especially - an audience 
which relies on scientiÞc research of the positivist paradigm is a 
challenge to researchers whose research relies on the 
researcher’s interpretations and presents results as qualities and 
classiÞcations without any numeric evidence. Being aware of the 
traps inherent to qualitative research I did my best to present the 
context of the research, the research process and the stages of 
analysis transparently, in detail and with the necessary 
reasoning, which is the way to Þll the gaps between different 
research approaches and to open the study up to assessment. 
To reßect upon GT research in general, I used the original 
terminology of Þtness, understanding, generality and control as 
coined by Glaser and Strauss (1974, p. 237) and guidelines from 
Strauss and Corbin (Strauss & Corbin, 1998, pp. 265Ð274; Corbin 
& Strauss, 2008, pp. 297Ð312) for evaluation of the research. In 
addition, I based my reßection on credibility, conÞrmability, 
dependability and transferability, which is terminology known to 
qualitative research. The terms are analogous with the traditions 
of positivist criteria of internal validity (credibility), objectivity 
(conÞrmability), reliability (dependability) and external validity 
(transferability) (Trochim, 2006; Guba & Lincoln, 1989, pp. 228Ð
269; Denzin & Lincoln, 2005, p. 24; Charmaz, 2005, pp. 528–529; 
Merriam, 1998:, pp. 198–200). 
The nature of qualitative research assumes many different 
forms of evaluation of validity and reliability, when compared to 
quantitative research, because of the different philosophical 
assumptions about reality and ways to Þnd it (Merriam, 1998: 
198Ð200). As an ambiguous reality and understanding of 
encounters between educational robotics and children as a 
phenomenon was the rationale for the study, it explored the 
phenomenon of encounters in actual learning environments and 
used the appropriate GT method for creating an understanding 
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should emerge as a slave at different stages of action, which 
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the processes with educational robotics, which this study 
opened via a study of the encounters.
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of it. The substantive theory did not aim at discovering a law or 
testing a hypothesis, as a quantitative inquiry would to do, but 
it bound the Þndings to those particular contexts of the study 
where educational robotics and children interacted. When 
research focused on educational robotics and children, the 
credibility of the study had to be evaluated from a general 
perspective, not only from the perspective of research 
participants which is usually the case in qualitative research. In 
this study evaluation on how believable Þndings gained from 
the children’s perspective were, was therefore not completely 
relevant. In order to illustrate the credibility of research, the 
study and its outcomes were presented based on the research 
process and groundings of the study (Strauss & Corbin, 1998, 
pp. 265–274).
This study used 34 hours of video data and 1 769 video clips 
of which the categorization was a subjective task. Hence, 
subjectivity is the major weakness of the study when evaluating 
research on conÞrmability and convincing researchers who 
demand objectivity via more controlled research design. In that 
sense, conÞrmability was a difÞcult criterion to fulÞll. The video 
data were, however, an authentic source of data that allowed for 
the studying of single incidents and more extensive entities 
repetitively. Thus not only the researcher’s recall of or 
observations in actual environments were the only sources of 
data, which is sometimes the case in qualitative research studies. 
In order to illustrate my interpretations and open the source 
data to readers, I presented seventy examples of the data in the 
thesis. The examples were selected based on the richness of the 
incidents, which meant that an incident described the situation 
well and included spoken communication or description of 
activities. The descriptions were presented in a rather longer 
format than simply giving short sentences in the data and 
examples to keep the incident and its interpretation in the 
context where the incident originally emerged from.
When labeling the incidents during the Þrst stage of analysis, 
I used simple names that plainly presented the main content of 
an incident, which minimized the amount of interpretation. In 
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the later stage of analysis, selective coding, I did not want to use 
clumsy concepts but wanted to employ more vivid concepts 
which better described the rich characteristics of the encounters. 
It is obvious that the concepts were subjective, maybe even 
imperfect, and that some other researcher would have focused 
on different viewpoints and would have labeled and categorized 
incidents differently depending on said researcher’s academic 
background and experience in the Þeld. In order to make 
subjectivity transparent as regards the role of literature, I 
elaborated on the use of literature in the subchapter Organizing 
the Study. Introducing the role of literature was important, 
especially in the case of a GT study, where literature may impact 
on Þndings as a forcing element, but also as a factor that could 
interfere with subjectivity (Bogdan & Biklen, 2007, p. 169).
Qualitative research approaches’ dependability is based on 
convincing the audience that procedures were followed 
faithfully and presenting detailed description about procedures 
that form the basis for the researchers’ conclusions (Merriam, 
1998, pp. 198–200; Trochim, 2006). The detailed process 
description of the data collection, analysis and interpretation 
was a way in which to open the study to replication which, 
however, may not be possible as the unique incidents set in 
actual environments won’t occur similarly again. The detailed 
process description is, however, the way in which the qualitative 
research approach adheres to reliability and dependability.
In this study, practical circumstances signiÞcantly guided the 
beginning of the study as selecting the original sample occurred 
from the available research environments at that time. The video 
data enabled the conducting of initial analysis by categorizing 
the data and seeking alternative dimensions from it. As written 
memos and drawn Þgures present, I approached the data from 
different perspectives and turned it over in my mind during 
analysis in order to emphasize different viewpoints. Initial 
themes included, for instance, proÞling of different styles of 
children as robot constructers and sketching children’s working 
processes. Then already the major categories of access and 
ownership emerged as common denominators to all incidents 
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format than simply giving short sentences in the data and 
examples to keep the incident and its interpretation in the 
context where the incident originally emerged from.
When labeling the incidents during the Þrst stage of analysis, 
I used simple names that plainly presented the main content of 
an incident, which minimized the amount of interpretation. In 
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It is obvious that the concepts were subjective, maybe even 
imperfect, and that some other researcher would have focused 
on different viewpoints and would have labeled and categorized 
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subjectivity transparent as regards the role of literature, I 
elaborated on the use of literature in the subchapter Organizing 
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Qualitative research approaches’ dependability is based on 
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1998, pp. 198–200; Trochim, 2006). The detailed process 
description of the data collection, analysis and interpretation 
was a way in which to open the study to replication which, 
however, may not be possible as the unique incidents set in 
actual environments won’t occur similarly again. The detailed 
process description is, however, the way in which the qualitative 
research approach adheres to reliability and dependability.
In this study, practical circumstances signiÞcantly guided the 
beginning of the study as selecting the original sample occurred 
from the available research environments at that time. The video 
data enabled the conducting of initial analysis by categorizing 
the data and seeking alternative dimensions from it. As written 
memos and drawn Þgures present, I approached the data from 
different perspectives and turned it over in my mind during 
analysis in order to emphasize different viewpoints. Initial 
themes included, for instance, proÞling of different styles of 
children as robot constructers and sketching children’s working 
processes. Then already the major categories of access and 
ownership emerged as common denominators to all incidents 
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which I had analyzed thus far. The categories were not forced 
but gradually revealed themselves from incidents where the 
importance of access emerged when faced with children’s 
difÞculties in working with NXT and ownership when listening 
to animated comments about educational robotics which were 
then followed by children’s renewed dedication to further 
develop their robot artifacts. 
Theoretical sampling challenged the initial Þndings and was, 
in some instances, a way to get rid of them if additional data did 
not indicate support for their interpretation. The data analysis of 
two other research settings, however, strengthened and enriched 
the interpretation. Topobo added the emotional dimension, 
which emerged via childrenÕs joy and dedication, to be included 
in the substantive theory. RUBI challenged towards rethinking 
the whole chronological order of children’s action because the 
same stages did not emerge. RUBI also highlighted the role of 
properties of educational robotics in children’s action. It also 
clearly revealed the roles of educational robotics and children as 
leaders of activities and strengthened the perception of 
educational robotics as wild. In the end, three different research 
environments enriched the outcomes as the categories included 
analyzed incidents from three different research environments.
This study resulted in the formulation of the substantive 
theory on encounters. The substantive theory did not aim to 
provide a theory or a law, but to increase understanding of the 
phenomenon that takes place in the environments where 
children work with educational robotics. Even though the 
theory was grounded on rich and extensive data, applying it to 
other contexts is conditional, but worth implementation. To 
apply the Þndings to other settings the detailed process 
description can be utilized which, in turn, supports the 
transferability of the study (Trochim, 2006). 
Overall, the viewpoints revealed in this study were not 
typical to those in the Þeld of educational technology, which 
challenged the implementation and reporting of the study. 
DeÞning the position and focus of the study, connecting 
different research settings and analyzing the extensive amount 
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of data were the main challenges. The position of the study, 
between technology-and human-oriented educational 
technology, challenged Þnding the relevant perspective and 
suitable methods for conducting the study. Investigating 
educational robotics, through analyzing children’s action with 
educational robotics, involved children in the study and thus 
revealed elements that the plain analysis of educational robotics 
itself may not have emerged. An analysis on childrenÕs actions, 
without turning a focus on educational robotics in axial and 
selective coding, may not have revealed the essential elements 
of encounters either. The atypical research settings and research 
methods were however an unique approach which opened up 
an interesting phenomenon to be studied even further and 
revealed the concept pair, access and ownership, that could be 
used widely in the further analysis of educational technologies 
(Sutinen, 2013).
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of data were the main challenges. The position of the study, 
between technology-and human-oriented educational 
technology, challenged Þnding the relevant perspective and 
suitable methods for conducting the study. Investigating 
educational robotics, through analyzing children’s action with 
educational robotics, involved children in the study and thus 
revealed elements that the plain analysis of educational robotics 
itself may not have emerged. An analysis on childrenÕs actions, 
without turning a focus on educational robotics in axial and 
selective coding, may not have revealed the essential elements 
of encounters either. The atypical research settings and research 
methods were however an unique approach which opened up 
an interesting phenomenon to be studied even further and 
revealed the concept pair, access and ownership, that could be 
used widely in the further analysis of educational technologies 
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8. Conclusions
This study provided new perspectives regarding the use of 
educational robotics as a tool for learning with, from and about by 
conceptualizing activities between educational robotics and 
children. The study conceptualized the encounters, regarding 
the emergence of educational robotics, as four changing seasons 
that connected with the stages of action (representing time) and 
with the properties of educational robotics (representing a tool). 
Together these explained variations using the core concept pair 
of access and ownership. Educational robotics impacted on 
encounters by revealing and hiding the technological properties 
of phonology, morphology, syntax and semantics for children 
and by leading children’s actions or by, alternatively, providing 
leadership to children. The substantive theory on the encounters 
provided possibilities both for the proÞling and designing of 
educational robotics and the outlining of children’s activities 
with it. 
The phenomena under research were multidimensional and 
included several potential research themes. The phenomena 
could have been studied, for example, from the viewpoint of 
education focusing on learning outcomes, from technology 
focusing on development or from interaction focusing on the 
themes of child-robot interaction. Studying educational robotics 
from the viewpoint of children’s action with it required 
navigating a middle ground between different disciplines and 
methodologies without a typical phrasing of questions and 
methodologies of educational technology. Choosing the 
qualitative research approach and the GT method enabled 
approaching the ill-structured research task in an open-ended 
way and seeking answers to the question: What were the 
encounters all about?
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Credible research for constructing the substantive theory 
based on the encounters required diverse settings, a prerequisite 
which was fulÞlled by using three different research 
environments. These environments highlighted different aspects 
of the encounters, forming a general understanding of the 
phenomenon. As a method, GT enabled phased data collection 
and analysis, which well served the practical implementation of 
the study and the iterative process of analysis of the video data, 
interpretations and developing the substantive theory based on 
the encounters. The substantive theory emerged the dimensions 
of technological access and children’s experienced ownership 
and constant interaction of access and ownership as the main 
highlights in encounters between educational robotics and 
children. The outcome meant that technical access alone was 
enough to evoke and maintain interest in working with 
educational robotics, but experienced ownership towards 
educational robotics was required, a dimension which 
developed during working. The Þnding also meant that 
educational robotics cannot be developed without taking 
individual interest for learning into account, but neither 
pedagogical question can be solved without understanding the 
technological standpoints.
The substantive theory can be used both as a tool for 
proÞling educational robotics and as a tool for developing and 
evaluating the use of technologies in an educational context. In 
order to evaluate generalization and applicability of the theory 
in other contexts, it should be applied to different environments 
as a whole theory or by using parts of it, for example the 
concepts of access and ownership, towards further research. As 
a Þnal remark to this thesis, I present some themes for future 
investigation. 
Firstly, top-down and bottom-up approaches are worth 
exploring further as part of design and development, also 
outside the domain of educational robotics. The context could be 
instructed and open-ended storytelling which includes picture 
elements ready for creating the story and an open-ended 
drawing mode for creating your own content for the stories. The 
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described application is in use in the CASCATE research project 
where the top-down and bottom-up approaches could be used 
for an analysis of storytelling in children with autism. Among 
the top-down and bottom-up approaches, working processes 
with storytelling could be studied further by evaluating them 
with non-linear working processes like educational robotics and 
different representations of stories via, probably renamed, 
seasons.
Secondly, the substantive theory, particularly as regards the 
dimension of access, could be applied to the design research of 
educational robotics. This study did not match single 
technological properties of educational robotics with single 
incidents of children’s action, which could be studied next in 
order to indicate the persuasive features of educational robotics. 
Thirdly, the descriptive examples of children’s actions with 
educational robotics indicated various emotions, which reßected 
ownership and children’s engagement with educational 
robotics. Emotions, as an indexing element for the emergence of 
new ideas, is the third topic worthy of further investigation.
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Marjo Virnes
Four Seasons of  
Educational Robotics: 
Substantive Theory on the Encounters between 
Educational Robotics and Children in  
the Dimensions of Access and Ownership
Various kinds of educational robotics 
are available for use in education, but 
their mere availability in the class-
room is not reason enough to use them 
as a learning tool. This study concep-
tualized children’s action with educa-
tional robotics and defined the core of 
it via technological access that related 
to accessibility, and experienced 
ownership which, in turn, emerged via 
children’s actions and related back to 
their commitment to work with educa-
tional robotics.
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